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REMARKS 

Receipt is acknowledged of the office action mailed April 4, 2005. In the April 4, 2005 
office action claims 24-97 were rejected under 35 U.S.C. §112, first paragraph, for lack of 
enablement, and claims 60-97 were rejected under 35 U.S.C. §112, second paragraph, as being 
indefinite. Claims 24-26, 28, 29, 31, 32, 36-38, 44-46, 49, 51, 52, 55-57, 60-70, 73-77, 79 and 
90-93 were rejected under 35 U.S.C. §102 (e) as anticipated by United States Patent No. 
5,789,554 and under 35 U.S.C. §102 (b) as anticipated by WO 96/04925. Claims 60-65, 67-69 
and 90-95 were rejected under 35 U.S.C. § 1 02 (b) as anticipated by Juweid et al. Claims 24-26, 
28, 29, 31, 32, 36-38, 44-47, 49, 51, 52, 55, 56, 60-69, 73-77 and 90-93 were rejected under 35 
U.S.C. §103(a) as obvious over United States Patent No. 5,789,554 in view of Li et al Claims 
24-29, 31, 32, 36-38, 44-46, 49, 51, 52, 55-57, 60-70, 73-77 and 90-93 were rejected under 35 
U.S.C. §103(a) as obvious over United States Patent No. 5,789,554 in view of United States 
Patent No. 5,106,955. Claims 24-26, 28, 29, 31, 32, 36-42, 44-46, 48, 49, 51, 52, 55-57, 60-70, 
73-77 and 90-93 were rejected under 35 U.S.C. § 103(a) as obvious over United States Patent 
No. 5,789,554 in view of United States Patent No. 5,686,072 and PCT publication WO 
95/09917. Claims 24-26, 28, 29, 31, 32, 34-39, 44-46, 48, 49, 51, 52, 55-57, 60-70, 73-77 and 
90-93 were rejected under 35 U.S.C. § 103(a) as obvious over United States Patent No. 
5,789,554 in view of European Patent Application No, 510949. Claims 24-38, 43-46, 49, 51, 52, 
and 55-97 were rejected under 35 U.S.C. § 103(a) as obvious over United States Patent No. 
5,789,554 in view of United States Patent No. 5,698,178. Claims 24-38, 43-46, 49, 51, 52 and 
55-97 were rejected under 35 U.S.C. § 103(a) as obvious over WO 96/04925 in view of United 
States Patent No. 5,698,178. Claims 60-97 were rejected under 35 U.S.C. § 103(a) as obvious 
over Juweid et al in view of United States Patent No. 5,698,178. Claims 24-97 were 
provisionally rejected under the doctrine of obviousness-type double patenting over claims 24-44 
of co-pending application No. 10/314,330. 

Claims 24-97 were pending at the issuance of the April 4, 2005 Office Action. Claims. 1- 
23 previously were canceled. Claims 28-35, 46, 48-51, 53, 54 and 90 are canceled herein and 
claims 24, 36-39, 52, 55 and 60-62 have been amended. The amendments are fully supported by 
the specification. 
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Claims 24-27, 36-45, 47, 52, 56-89 and 91-96 are pending for consideration, which is 
respectfully requested in view of the foregoing amendments and following remarks. 



I. Formalities 

A. Information Disclosure Statement 

As requested by the Examiner, Applicant encloses herewith copies of references 
A10, A12, A17 and A19 listed in the IDS dated October 1, 2001. Applicant has also reviewed 
the titles and journal listings of references A12, A17 and A19 in order to correct any inaccuracies 
in the IDS. 

Applicant has provided herewith a Form PTO/SB/08A (08-00} with the "correct" 
titles and journal listings. Applicant respectfully requests that the Examiner consider these 
references and acknowledge consideration thereof by initialization of the Form S PTO/SB/08A 
(08-00). 

B. Specification 
Priority Claim 

The Examiner has objected to the specification for not listing the provisional 
application or the U.S. application for which the current application is a continuation-in-part. 

On December 4, 2003 Applicant filed a Second Preliminary Amendment, which 
amended the first paragraph on page one of the specification in order to provide the complete 
listing of priority information. Nevertheless, Applicant has amended the specification herein to 
resubmit the complete listing of priority information for the instant application. 

Trademarks 

As requested, Applicant has reviewed the specification to assure that all 
trademarks are properly designated. Applicants have amended the specification herein to make 
any necessary corrections to the specification. 
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II. Rejection under § 112, first paragraph 

Claims 24-97 are rejected under 35 U.S.C. § 1 12, first paragraph, because the 
specification allegedly does not enable fragments of human, humanized or chimeric anti-CD22 
antibodies. Although Applicant respectfully submits that antibody fragments are well known in 
the art, Applicant has adopted the Examiner's suggestion to add specific language to the claims in 
order to better define the claimed invention. Specifically, Applicant has amended independent 
claims 24 and 60 to recite that an antibody fragment is selected from the group consisting of 
F(ab') 2 , Fab', Fab and scFv. Applicant submits that these amendments obviate the rejection. 

Ill* Rejection under § 112, second paragraph 

Claims 60-97 are rejected under 35 U.S.C. § 112, second paragraph, because the 
specification allegedly does not clarify the term "indirectly" as it relates to the attachment of the 
agent to the antibody. Applicant believes that the claims fully comply with § 1 12, second 
paragraph, because they clearly define how the agent is attached to the antibody. However, in 
order to expedite the prosecution of this application Applicant has amended claim 60, 61 and 62 
to state that a linkage is used to connect the therapeutic agent to the anti-CD22 antibody. 

Applicant further points out that with respect to claims 85 and 86 the specific type 
of linkage is recited. For example, claim 85 reads: "the therapeutic agent is attached indirectly to 
the anti-CD22 antibody or antibody fragment by means of an aminodextran. a polypeptide carrier 
or a chelating agent that is attached to the anti-CD22 antibody or antibody fragment . . ." and 
claim 86 reads: "the therapeutic agent is attached indirectly to an anti-CD22 antibody fragment 
via a carbohydrate moi ety introduced into the light chain variable region of the antibody 
fragment " (emphasis added). 

For the above-stated reasons, Applicant respectfully requests withdrawal of the 
entire rejection. 

IV. Rejections under 35 U.S.C. § 102 

A. United States Patent No. 5, 789,554, WO 96/04925, and Juweid et al 

Claims 24-26, 28, 29, 31, 32, 36-38, 44-46, 49, 51, 52, 55-57, 60-70, 73-77, 79 
and 90-93 are rejected under 35 U.S.C. § 102(b) and (e) as anticipated by WO 96/04925 and 

13 
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United States Patent No. 5,789,554, respectively. Claims 60-65, 67-69 and 90-95 are rejected 
under 35 U.S.C. § 102 (b) as anticipated by Juweid et aL 

Applicant has amended independent claims 24 and 60 to more particularly 
describe the claimed invention. Specifically, amended claim 24 is directed to immunoconjugates 
that are comprised of (i) at least one human, humanized or chimeric anti-CD22 antibody or a 
fragment thereof, wherein the antibody fragment is selected from the group consisting of F(ab')2, 
Fab 1 , Fab and scFv and (ii) a drug or a radioisotope, wherein said radioisotope is other than l31 I, 
wherein the immunoconjugate is used in combination with a naked anti-CD20 mab. 

None of the cited references disclose or teach the claimed immunoconjugate 
and/or the use of the claimed immunoconjugate in combination with a naked anti-CD20 mab. 

Amended claim 60 is directed to immunoconjugates that are comprised of (i) at 
least one human, humanized or chimeric anti-CD22 antibody or a fragment thereof, wherein the 
antibody fragment is selected from the group consisting of F(ab% Fab/ Fab and scFv (ii) a 
therapeutic agent selected from the group consisting of a drug-and a radioisotope, wherein the 
therapeutic agent is attached indirectly via a linkage to the anti-CD22 antibody or antibody 
fragment or is attached directly to the anti-CD22 antibody or antibody fragment-via a free 
sulfhydryl group. 

None of cited references describe an immunoconjugate where the therapeutic 
agent is attached indirectly via a linkage to the anti-CD22 antibody or antibody fragment or is 
attached directly to the anti-CD22 antibody or antibody fragment-via a free sulfhydryl group. 

In order to reject a claim under 35 USC § 102, the Examiner must demonstrate 
that each and every claim limitation is contained in a single prior art reference. See Scripps 
Clinic & Research Foundation v. Genentech, Inc., 18 USPQ2d 1001, 1010 (Fed. Cir. 1991); 
Hybritech, Inc. v. Monoclonal Antibodies, Inc., 231 USPQ 81, 90 (Fed. Cir. 1986); see also 
MPEP § 2131 (August 2001). None of the cited references describe each and every element of 
the instantly claimed invention and therefore applicants respectfully request that the rejection 
under 35 USC § 102 be withdrawn. 
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V. Rejections under 35 U.S.C. § 103 

Claims 24-26, 28, 29, 31, 32, 36-38, 44-47, 49, 51, 52, 55, 56, 60-69, 73-77 and 
90-93 are rejected under 35 U.S.C. § 103(a) as obvious over United States Patent No, 5,789,554 
in view of Li et al Claims 24-29, 31, 32, 36-38, 44-46, 49, 51, 52, 55-57, 60-70, 73-77 and 90- 
93 are rejected under 35 U.S.C. §103(a) as obvious over United States Patent No. 5,789,554 in 
view of United States Patent No. 5,106,955. Claims 24-26, 28, 29, 31, 32, 36-42, 44-46, 48, 49, 
51, 52, 55-57, 60-70, 73-77 and 90-93 are rejected under 35 U.S.C. § 103(a) as obvious over 
United States Patent No. 5,789,554 in view of United States Patent No. 5,686,072 and PCT 
publication WO 95/09917. Claims 24-26, 28, 29, 31, 32, 34-39, 44-46, 48, 49, 51, 52, 55-57, 60- 
70, 73-77 and 90-93 are rejected under 35 U.S.C. § 103(a) as obvious over United States Patent 
No. 5,789,554 in view of European Patent Application No. 510949. Claims 24-38, 43-46, 49, 
5 1, 52, and 55-97 are rejected under 35 U.S.C, § 103(a) as obvious over United States Patent No. 
5,789,554 in view of United States Patent No. 5,698,178. Claims 24-38, 43-46, 49, 51, 52 and 
55-97 are rejected under 35 U.S.C. § 103(a) as obvious over WO 96/04925 in view of United 
States Patent No. 5,698,178. Claims 60-97 are rejected under 35 U.S.C. § 103(a) as obvious over 
Juweid et ah in view of United States Patent No. 5,698,178. 

In an effort to advance prosecution of the instant application, Applicant has 
amended independent claims 24 and 60 to more particularly describe the claimed invention. To 
the extent that the Examiner seeks to apply the rejection to the amended claims, Applicant 
respectfully traverses. 

All claims are presumed initially to be non-obvious. A prima facie case of 
obviousness requires three elements: (1) a teaching or suggestion of all of the claim limitations; 

(2) a suggestion or motivation to modify or combine the teachings of the applied prior art; and 

(3) a reasonable expectation of success in reaching the claimed invention. The Examiner bears 
the initial burden of supporting any prima facie assertion of obviousness with adequate facts. 
MPEP § 2142 (Feb. 2000). 

Here, none of the cited references, either alone or in combination, disclose all the 
elements of the amended claims. Accordingly, the first element of a prima facie case of 
obviousness cannot been satisfied and withdrawal of the rejection respectfully is requested. 

15 

PAGE 20/48 " RCVD AT 1014/2005 6:21:28 PM [Eastern Daylight rime] * SVR:USPTO-EFXRF-6/31 • DNIS:2738300 * C8IO:202 912 2020 " DURATION <mm-ss):40-32 



10/04/2005 18:32 FAX 202 912 2020 



HELLER EHRMAN ATTORNEYS 



@021 



Hell er Eh mian LLP 

Att orne y D ocket No . 40923-00 79 US3 



U.S. Serial No. 09/965,796 
INVENTOR: David Ivl. GOLDENBERG 



VI, Rejections for Obviousness-Type Double Patenting 

Claims 24-97 are rejected under the doctrine of obviousness-type double patenting 
over claims 24-44 of co-pending application No. 10/314,330. Applicant respectfully requests 
that this rejection be held in abeyance until the indication of allowable subject matter in the 
instant application, at which time Applicant will consider the filing of a suitable terminal 
disclaimer. 
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CONCLUSION 



Applicant respectfully asserts that the amendments presented above should be 
entered as they place this case in condition for allowance by clarifying the invention and 
responding the Examiner's suggestions or concerns. In view of the amendment and remarks, 
Applicants respectfully requests that all objections and rejections be withdrawn and that a notice 
of allowance be forthcoming. The Examiner is invited to contact the undersigned attorney for 
Applicant at (202) 912-2197 for any reason related to the advancement of this case. 



Respectfiilly submitted, 



Customer No. 26633 

HELLER EHRMAN LLP 

1717 Rhode Island Avenue, N.W. 



Date: October 4, 2005 




Washington, DC 20036-3001 
Telephone: (202) 9 1 2-2000 
Facsimile: (202) 912-2020 



Attorney for Applicant 
Registration No. 40,244 
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□ ORIGINAL ARTICLE 



Prospects for the Management of Non- 
Hodgkin's Lymphomas with Monoclonal 
Antibodies and Immunoconjugates 

Oliver W. Press, MD, PhD, Seattle. Washington 



B PURPOSE 

To review the role of monoclonal antibody constructs in 
the treatment of B-ceU malignancies. 

H PATIENTS AND METHODS 

The efficacy and tolerability of unmodified monoclonal 
antibodies, inimunotoxins, and radk>immiinoconjugates 
have been investigated in patients with hematologic B- 
ceil malignancies. Response rates, durability of respons- 
es, and tolerability were (he principal measures of treat- 
ment outcome. 

■ RESULTS 

Investigators front several institutions have documented 
response rates tanging from 25% to 95% in lymphoma 
patients suffering relapses who were treated with anti- 
body constructs targeting the CD 19, GD20, CD22, DR, 
or idiotypic immunoglobulin epitopes on malignant B- 
cell lymphomas. Chimeric anti-CD20 antibodies and 
13l I-labeled and-CD20 antibodies appear particularly 
promising, producing response rates of 50% to 95%. 



Complete remissions (CRs) appear to be more frequent 
and durable with radiolabeled anti-CD20 antibodies 
(33% to 85% CR rate) than with unmodified chimeric 
anti-CD20 antibodies (6% to 10% CR rate), although a 
randomized comparison has not yet been made. 
B CONCLUSION 

Monoclonal antibodies provide promising new reagents 
for the treatment of patients with B-cell non-Hrjdgkin's 
lymphomas. Impressive response rates have been achieved 
in clinical trials using unmodified monoclonal antibod- 
ies, immunotoxins* and radioimmuno conjugates, al- 
though the durability of responses is stiO under scrutiny- 
Durability may be improved when the antibodies are 
used in conjunction with chemotherapy or stem cell 
transplantation. ( Cancer J Set Am 1998&S19-S26) 



Key, Wbrdsl;A^cd(^' ^ibptte^ immurio^^ 



Over the past 1 5 years, several research groups have 
investigated the role of monoclonal antibodies in 
the treatment of hematologic malignancies. Theoreti- 
cally, die binding of unmodified murine monoclonal 
antibodies to tumor-associated antigens on the surface 
of malignant lymphoid cells, followed by activation of 
the host immune system, leads to tumor eradication by 
several mechanisms, including complement-mediated 
cytolysis; antibody-dependent cellular cytotoxicity; re- 
lease of cytokines, such as tumor necrosis factor or in- 
terieukin-1; interruption of anti-idiotypic networks; and 
induction of apo ptosis. Initial experiments conducted 
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daotto, Washfogton. 

Trte author has received or ml reosbe beneffte tor personal or professorial use 
from a commercial party neiatad directly or haVecfy to *ib cubjocl d the euvaz. 

Dr. Press received the and-Bt enSbooV (CouKer Phflrrnaoeuttcots, PaJo Afeo, CA), 
(tie antbody (ktsx Pharmaceuticals, La JoOa, CA), and the 1F5 antibody 
(Oncogen Inc. SeeTUe, WA) tree ol charge tor tiese shxfiea tn atfcfilion, CouKsr 
Pharmacftufcato provkfod a pan-time data manager for arte oJtheeestwflea. 
Supported by pants from Xh» National brwiiiuies of Heato (P01 CA44991 and 
«01CAS5599). 

Raprtri requests: Odvar W. press, HO. PhD, Bdi 356043. Dfvtelon of MadlcaJ On- 
cology* UrdvereKy of Wasttrtgton MedctX Center, Semtte, WA 38195-6043. 
Copyright 0 1 fl» ScienStte American, inc. 



in the 1980s on mouse models of leukemias and lym- 
phomas indicated that dramatic cures could often be 
obtained with the use of unmodified murine mono- 
clonal antibodies. For example, in one notable trial* 
100% of mice were cured of T-cefl lymphoma by injec- 
tion of a tumor-specific anri-Thyl.l antibody, whereas 
all untreated animals died within 3 to 4 weeks. 1 Experi- 
ments such as these generated considerable enthusiasm 
for initiating clinical studies aimed at curing human 
hematologic malignancies. Unfortunately, die results in 
clinical trials to date have been less dramatic than those 
obtained in animal models, although in recent studies 
clinical responses have been more encouraging. 1 ' 14 

■ EFFICACY AND TOLERABILITY OF MONOCLONAL 
ANTIBODIES IN B-CELL LYMPHOMAS 

Unmodified Mouse Monoclonal Antibodies 

B-ceil lymphomas have been selected by many research- 
ers as the ideal tumor model for clinical trials of mono- 
clonal antibodies because they express a variety of well- 
defined cell surface antigens for which high-qualiry 
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VoL 4, Supplement 2 



CD19 



CD20 




CD37 



Figure 1 Antigenic targets on B cells Include the class II human leukocyte 
antigen (DR), surface idiotypic Immunoglobulin (slg), CD19, CD20, CD22. 
and CD37. 



monoclonal anribodics have been prepared (e.g., sur- 
face idiotypic immunoglobulin, CD19, CD20, CD21, 
CD22, CD37, and class 11 human leukocyte antigen 
DR [Fig. 11). The results of some of the most promi- 
nent unmodified monoclonal antibody trials conduct- 
ed to date are summarized in Table 1 .&»°j5-22 

The most successful clinical trials using tumor-spe- 
cific anti-idiotypic antibodies were conducted by Levy 
and co-workers at Stanford University. 15 - 17 In rhree se- 
quential trials, auri-idiotypic antibodies, alone or in 
combination with interferon alfa or chlorambucil, pro- 
duced objective responses in 57% to 73% of treated 
patients. Although the median response duration was 



CD20 Protein 




^^^^^^^^ 



Antibody, 
Cytoplasm 



COOR- ^" '*" 



Figure 2 CD20 ts a B-lymphocyte-specffrc, nongrycosylated, "four-pass" 
surface membrane phosphoprotetn encoded on chromosome 1 1 , which 
has both Its carboxy and amino termini inside the cell. It is believed to 
function as a calcium channel and Is Involved in B-ceD activation and pro- 
gression through the call cycle. The 81, 1 F5, and C2B8 antibodies bind to 
the extracellular domain of CD20, whereas the L26 antibody binds to an 
intracellular epitope. Reproduced in modified form with permission. 40 



only 6 to 7 months in these trials, patients who had 
complete responses often achieved remissions lasting 
longer than 5 years. Despite the therapeutic success and 
the theoretical importance of these seminal studies, 
however, the logistic and financial constraints of pre- 
paring tumor-specific anti-idiotypic antibodies have 
precluded widespread adoption of this approach or its 
commercialization. 

Most investigators have subsequendy selected pan-B 
antibodies that recognize B-lymphocyte differentiation 
antigens for trials involving patients wirii B-cell lym- 
phomas. Many of these groups, including our own, have 
focused on the CD20 antigen as the target molecule 
(Ftg. 2). The CD20 antigen is an unglycosylated phos- 
phoprotcin that traverses the cell membrane four times 
and has both its amino and carboxy termini inside the 
cell. The CD20 antigen does not circulate in the blood- 
stream and, therefore, does nor act as a "blocking factor" 
or otherwise impede tiimor cell targeting. Furthermore, 
CD20-anti-CD20 antigen-antibody complexes are not 
internalized by the cell 23 ' 24 — thereby allowing cell sur- 
face-bound antibody to persist for protracted lengths of 
time, which permits optimal interaction between the 
antibody and host effector cells or complement. 

In the mid-1980s, we initiated clinical trials using 
the unmodified murine anri-CD20 monoclonal anti- 
body 1F5, and we demonstrated that it was capable of 
causing rapid clearance of circulating tumor cells from 
the peripheral blood (PB) of four treated patients.*" In 
addition, transient shrinkage of lymph nodes was ob- 
served in some patients and 90% regression of malig- 
nant lymph nodes was observed in the patient treated 
with the highest dose of antibody. Unfortunately; these 
responses were nor durable, and pathologic lymphocy- 
tosis and lymphadenopathy recurred within 2 to 6 
weeks. Consequendy, we and others began to explore 
mediods of enhancing the magnitude and duration of 
responses diat are achievable with murine monoclonal 
antibodies. 

Chimeric Human-Mouse Antt-CD20 Antibodies 

One approach that has been successfully pursued entails 
molecular engineering of a human-mouse chimeric 
anti-CD20 antibody (C2B8; Rituxan™ [rituximab]; 
TDEC Pharmaceuticals, San Diego, CA; Gencntech, 
San Francisco, CA}, which conniins murine immuno- 
globulin variable regions grafted onto human JgG 1 kap- 
pa domains, 8 " In vitro experiments have convincing- 
ly demonsrrared that human Fc regions markedly en- 
hanced the interaction between the chimeric antibody 
and human effector cells ai*l complement, compared 
with the parent murine antibody (2B8). This dramari- 
caliy enhanced the ability of the chimeric C2B8 anti- 
body to initiate complement-mecliared lympholysis and 
antibody-mediated cellular cytotoxicity in vivo, com- 
pared with 2B8. 25 Furthermore, die chimeric C2B8 
antibody was significandy less immunogenic than 2B8 
in primates and humans. 
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Table t. Summary of Cllnl^iM Respqnses In B-Cell Lymphoma Pat^te,Treated--^ 

Unmodified Murine, Chimeric, or Humanized Antibodies -\ .". : % ^ - ^^ y 
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As might be expected, the chimeric C2B8 antibody 
has demonstrated significantly improved clinical effica- 
cy compared with murine anti-CD20 antibodies. 8 - 10 In 
a preliminary single-center trial, 17 of 34 patients 
(50%) with relapses of low-grade non-Hodgkin's lym- 
phoma (NHL) treaced intravenously with 375 mg/m 2 
of C2B8 antibody weekly for 4 consecutive weeks 
achieved objective responses, including 3 complete re- 
missions (CRs; 9%) and 14 partial remissions (PRs; 
4l%). 9 Toxicity was minimal and generally limited to 
the peri-infusional period. Side effects, which consisted 
of mild and transient fevers, chills, rashes, and hy- 
potension, occurred more commonly during the first 
infusion of C2B8 and became much less common dur- 
ing subsequent treatments, presumably because of the 
protracted depletion of circulating B lymphocytes in- 
duced by die first infusion. No long-term adverse ef- 
fects have been observed, and myelosuppresston has 
generally been clinically insignificant- No human anti- 
mouse antibody {HAMA) or human anri-chimcric 
antibody (HACA) responses were observed in this 
trial. 8 The chimeric C2B8 antibody can be adminis- 
tered in an outpatient setting, and the treatment is 
completed in 22 days. 

A subsequent mulricciuer trial confirmed the effica- 
cy of C2B8 in patients with clinically chemo resistant 
low-grade or follicular lymphoma.' 0 In this trial, 76 of 
151 patients (50%) achieved remissions, Uhfbrtunaoely, 
only 6% to 10% of the remissions were complete, and 
the median response duration was only 1 1 months. Of 
interest, 1 8 of 23 patients (78%) who were treated with 
C2B8 while in relapse after autologous bone marrow 



transplantation (ABMT) responded. No HACA re- 
sponses were observed. Molecular analysis with the poly- 
merase chain reaction (PCR) assay revealed that in re- 
sponse to C2B8 therapy, a fraction of patients who ini- 
tially had t(l4;18> translocation-positive lymphoma 
cells in their bone marrow (BM) and PB became PCR 
negative {i.e., achieved a molecular CR) in those com- 
partments (approximately 68% in die PB and 50% in 
the BM). 26 The significance of this observation is un- 
clear, however, because many of the patients with an 
apparent molecular CR in their BM and PB had persis- 
tent palpable pathologic lymphadenopathy. It is possi- 
ble that antibody therapy effectively eradicates disease in 
the easily accessible PB and BM compartments with- 
out achieving similar clearance of malignant cells from 
large lymph nodes or tumor masses, which ate more 
difficult for antibody molecules to permeate. Neverthe- 
less, despite this unresolved issue, the convincing effica- 
cy of the C2B8 antibody and its modest toxicity have 
led the United Stares Food and Drug Administration 
to approve C2B8 for the treatment of NHL Current 
clinical studies are evaluating methods for improving 
CR rates and the durability of responses by combining 
C2B8 with conventional chemotherapy (cyclophos- 
phamide, doxorubicin, vincristine, prednisone 
[CHOP]) or other biologic agents (e.g., interferon aifa) 
or by employing it as adjuvant therapy after BM or stem 
cell transplantation. 

Immunotoxins 

An alternative approach to augmenting the efficacy of 
monoclonal antibodies involves conjugating the anti- 
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body to cytotoxic plant or bacterial toxins to produce 
an * lmmunorracin." 27 For immunotoxins to be effective, 
the antibody to which the toxin is conjugated must be 
internalized by the ceil, because toxins such as diphthe- 
ria toxin and ricin A chain kill cells by iiTeversibly in- 
hibiting elongation factor 2 or ribosomes, respectively, 
which are located in the cytosoL The most successful 
antibodies used for synthesizing immunotoxins target 
either CD19 (B4, HD37) or CD22 (RFB4) on B^l 
lymphomas or CD3, CDS, or CD7 on T-cell malig- 
nancies. A series of clinical trials have been conducted 
by Vitteta and collaborators in Texas and by Grossbard 
and NacUer and coworkers in Boston using ano-B-cell 
immunocoxins. 2 *- 3 * In patients with advanced! relapsed, 
and refractory B-cefl lymphomas treated with immu- 
notoxins, response rates varied from 1 1% to 30% (Ta- 
ble 2). 2 7-& The dose-limiting toxicities associated with 
immunotoxins included vascular leak syndrome, hepato- 
toxicity, and myalgias. 

Radiolabeled Antibodies 

Another mechanism for augmenting the tumoricidal ac- 
tivity of monoclonal antibodies consists of conjugating 
them to radionuclides such as iodine- 131 ( 13t I)> yttri- 
um-90 (*>Y), and copper-67 (&Cu\ to form "radioim- 
munoconjugates,* which appear to possess several ad- 
vantages over other antibody constructs. First, they do 
not rely on recruitment of host immune effector mech- 
anisms to kill tumor cells; this is important because the 
immune system is often suppressed or defective in can- 
cer patients. Furthermore, the beta particles emitted by 
the decay of or *>Y are capable of killing cells from 



a distance of several cell diameters, thereby remitting 
radioactive "cross-fire'* from antigen-positive, cells that 
can kill neighboring antigen-negative tumor cell vari- 
ants. 34 Antigen-negative tumor cells would elude de- 
struction by unmodified antibodies or immunotoxins. 
Moreover, radioactive cross-fire mitigates the deleteri- 
ous consequences of heterogeneous antibody distribu- 
tion within large tumor masses, which often results in 
suboptimal concentrations of antibody at the center of 
tumors or at locations distant from blood vessels. A va- 
riety of radiolabeled antibodies have been evaluated in 
clinical trials (Table 3).aAMUi,u»-tt 

Lyml antibody* Preliminary studies with the 
labeled Lyml antibody were conducted at me Universi- 
ty of California, Davis, by DeNardo and colleagues. 
The Lyml antibody targets an aberrant class II HLA 
molecule. In patients with advanced lymphomas, treat- 
ment with the 13l I-iabeled Lyml antibody yielded ap- 
proximately a 50% response rate. 14 

Anti-CD20 antibodies. Recently, Kaminski and 
colleagues at the Uiuvexsky of Michigan demonstrated 
that nonmydoablanVc doses of ,31 I-labekd anri-CD20 
antibody (anti-Bl, Bexxar®; Coulter Pharmaceuticals, 
Palo Alto, CA) produce durable CRs in patients with 
relapses of B-cefl lymphoma. 6 In a phase I/TI trial, 34 
patients with low-grade, intermediate-grade, and high- 
grade lymphomas were treated with ,31 I-labeled anti- 
Bl antibody according to a dose escalation schema 
(Eg. 3). Patients were initially administered nonradio- 
labeied (le., cold) anti-B 1 antibody at a dose of 0, 135, 
or 685 mg, followed by dosimetric infusion of trace 
'3'1-labeled anti-Bl antibody (15 to 20 mg; 5 to 10 
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AbbwiaHons: CTCL, cutaneous T-coB lymphoma: B-NHL, B^cell non-Hodgkin's lymphoma; CLL. chronic lymphocytic leukemia; 
ALU acute lymphocytic leukemia; CR complete remission} PR. partial remission; MR. minor response; DA3389> truncated form of 
diphtheria todn; dp-HTA, depjycosytated rfdn A-chaln; IL-2| lnterieuhift-2; IL2R, interieukfn-2 receptor.- . 
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mCi). The rationale for infusing cold anti-Bl antibody 
was to partly saturate the readily accessible antigenic 
sites in the bloodstream and spleen. In this way, the 
subsequendy infused l3, l-labdcd anti-Bl antibody Is 
better able to penetrate lymph nodes and large tumor 
masses, which are less accessible to a nobodies. Sequen- 
tial biodistribution studies demonstrated that prein fu- 
sion of cold anti-Bl antibody {650 nig) resulted in de- 
livery of higher doses of radiation to tumor sites, less 
radiation to normal organs, and a more favorable anti- 
body biodistribution. On the basis of the calculated 
pharmacokinetics of the 15, !-labeled antibody, a thera- 
peutic infusion of tf*I-labeled anri-Bl antibody was 
then delivered to patients in a dose escalation manner 
according to the conjugation of an amount of to 
the antibody that was calculated to deliver 25 to 85 
cGy whole-body irradiation. This approach produced 
objective responses in all 13 patients with low-grade 
lymphoma, and 10 of those patients (77%) achieved a 
CR* In six patients, the duration of CRs ranged from 
16+ to 31+- months. Hematologic toxicity was dose 
limiting at 75 cGy (whole body dose). In a recent 
phase II study conducted by Kaminsky and colleagues 
in 10 newly diagnosed low-grade lymphoma patients* 
all 10 patients achieved objective responses to ^U-la- 
bcled anti-Bl antibody. 39 The first three patients treat- 
ed have achieved probable CRs, and the remaining pa- 
ttents show signs of continued regression. 

Knox and colleagues at Stanford University have 
conducted a similar trial using ^Y-Jabded anti-CD20 
antibodies to treat relapses in B-ceil lymphoma patients.? 
Four patients were treated with 90 Y4abeled anti-Bl anti- 
body, and 14 patients received ^-labeled C2B8. These 
patients received a 1 to 2.5 rng/kg preinhision of cold 
anti-CD2G\ followed by 13 to 50 mCi of ^Y-iabeled 
anti-CD20. Six patients (33%) achieved CRs, and seven 
patients (39%) achieved PRs, with a median response 
duration of 6 months. 

Other antibodies* A number of clinical trials have 
also explored the effects of a variety of other radioiin- 
munoconjugates (Table 3). Royston and colleagues 
treated nine patients with ^Y-labeled anti-idiotypic an- 
tibodies, and obtained two CRs (22%) and one PR 
(U%). 38 Juweid and colleagues treated 24 chemore- 
fractory patients with !31 I-labeled anri-CD22 antibody, 
LL2, or F(ab') 2 fragments of LL2.- 17 In this trial, 21 pa- 
tients received nonmyeloablarive doses ranging from 1 5 
to 343 mCi (1 5 to 50 mCi per cycle, for a maximum 
of seven cycles), and three patients received myeloabla- 
tive doses (90 mCi/m 2 ) followed by ABMT Seventeen 
of 21 patients and nvo of three patients were assessable 
in the nonmyeloablarive and myeloablative groups, re- 
spectively. In the nonmyeloablative treatment group, a 
29% response rate was reported (one CR, two PRs, 
and two minor responses [MRs]). In addition, one pa- 
tient achieved a CR after the imaging dose of 131 1- la- 
beled anti-CD22. In the ABMT group, two patients 
achieved PRs lasting 3 and 8 months, respectively. 



Cotd Predofio of B1 

Patients receive predose Infusion of nonradiolabeled 
B1 antibody at doses of 0, 135. or 685 mg 



Tracer Dose of 13l l-8t 

Patients receive trace-labeled dose of 131 1 -labeled 
B1 antibody (15-20 mg. 5~10mCi) 



Cold Predose of B1 

Patients receive predose Infusion of n on radiolabeled 
B1 antibody at doses of 135 or 685 mg 



Therapy Dose of 131 I-B1 

Patients receive therapeutic dose of 131 1 -labeled B1 
antibody (15-20 mg, 34-161 mCi) calculated to deliver 
25 to 85 cGy of radiation to the whole body 



Rgura 3 Treatment approach tor B-cefl lymphoma patients 
using the 131 l-labeled anfrCDZO antibody (anti-B1, Bexxar*; 
Coulter Pharmaceuticals, Palo Alto, CA). 

» EFFICACY AND TOLEflABILTTV OF MONOCLONAL 
ANTIBODIES IN CONJUNCTION WITH STEM CELL 
TRANSPLANTATION 

High-Dose Radtolmimirtotherapy as a Single Agent wllh 
Autologous Stem Cell Transplantation 

Our group in Seattle decided to test the maximum po- 
tential of radioinimunoconjugates for the treatment of 
B-cell lymphomas by administering mydoablative closes 
of 131 I-labeled anti-B-cell antibodies in conjunction with 
purged autologous BM or PB stem cell support. In a 
phase I dose escalation rrial, we studied die biodisrribu- 
tion of ^l-labcled anrir-B-cell antibodies in 43 patients 
by administering sequential weekly infusions of 0.5, 2.5, 
and 10 mg/kg of anri-CD20 or am>CD37 antibodies 
trace-labeled with 5 co 10 mQ of 131 1. 2 Twenty-four of 
43 patients (56%) had favorable antibody biodistribu- 
tions, as defined by the absorption of higher radiation 
doses by all tumor sites than by critical normal organs. 
Anti-CD20 antibodies, anri-Bl and 1F5, were superior 
ro anti-CD37 antibodies at targeting malignant tissue, 
and an optimal protein dose of 2.5 mg/kg was estab- 
lished for the anti-Bl antibody. However, large tumor 
burdens (> 500 cc) and splenomegaly adversely affected 
the delivery of 131 J- labeled anti-B-cell antibodies to tu- 
mor sites. Nineteen patients received therapeutic infu- 
sions of I3l I-labeled anti-B-cell antibodies (12 patients 
received anti-Bl, one patient received 1F5, and six pa- 
tients received ano-CD37 antibody MB-1) calculated to 
deliver a specified maximum dose of radiation to critical 
normal organs, varying from 10 to 31 Gy, in an escalat- 
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Table 3. Summary of Clinical Responses In B-Cell NHL Patients Treated with 
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ing-dose manner. Eighteen patients (95%) achieved ob- 
jective responses, including 16 CRs and two PRs. Cur- 
rendy, eight patients remain in continuous CR 46 to 
95 months after therapy. Nonhemacologic toxicides, 
generally mild at doses < 23 Gy, included nausea, (ever, 
and elevated thyroid-stimulating hormone levels. At 
lung doses > 27 Gy, two of four patients (50%) devel- 
oped reversible cardiopulmonary toxicity, thus estab- 
lishing the maximum tolerated dose to the lungs at ap- 
proximately 27 Gy. 

In a subsequent phase II trial, we treated 21 multi- 
ply relapsed NHL patients with 2,5 mg/kg of anti-Bl 
antibody chat was labeled with an amounr of radioiodine 
(345 to 785 mCi) calculated to deliver 25 to 27 Gy to 
dose-limiting critical normal organs. 3 Of the 21 patients 
who received therapeutic infusions, 17 (81%) eventually 
achieved CRs, one achieved a PR, and one achieved an 
MR. A high-grade transformed immunoblastic large- 
cell lymphoma progressed in one patient during thera- 
py, and die patient died 1 .5 months later. The median 
response duration in this trial was 38 months. Kaplan- 
Meier estimates of 6-year overall and progression-free 
survival are 68% and 42%, respectively, and 82% and 
57%, respectively, for padents with indolent lympho- 
mas (Fig. 4). Eighty-three percent of patients experi- 



enced longer remissions after 13 Unlabeled and-Bl anti- 
body therapy than with prior chemotherapy. 

As expected, all patients treated with myeloablarive 
doses of 13 ^-labeled and-CD20 antibodies developed 
severe BM aplasia and required BM (19 padents) or PB 
stem cell (2 padents) transplantation. Neutropenia and 
fever developed in 70% of patients, and approximately 
one third of padents developed infections, one of which 
proved fatal (polymicrobial sepsis). Transient mild ele- 
vations in transaminase were noted in approximately 
one third of patients, but no cases of significant veno- 
occlusive liver disease were noted. Vomiting occurred 
in approximately 30% of padents, but other common 
transplan t-associared toxicides, such as alopecia and mu- 
cositis, were rare (< 5% of patients). One commonly ob- 
served delayed toxicity was subclinical hypodiyroidisrn, 
which developed in 60% of padents 6 to 1 2 months af- 
ter dierapy and was manifested by asymptomatic eleva- 
tions in levels of thyroid-stimularing hormone. None of 
the patients in the phase I/Il studies have developed 
myelodysplasia or acute leukemia after a cumulative fol- 
low- up of 107 person-years. Two padents have devel- 
oped solid tumors (superficial transitional cell carcinoma 
of the bladder and colon carcinoma), each approximate- 
ly 3 years after 13, Uabeled anti-Bl antibody therapy. In 
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27% of patients, HAM A responses developed, usually 
between 3 and 12 months after treatment. 

Radio Immunotherapy In Conjunction with High -Dose 
Chemotherapy and Stem Cell Transplantation 

Despire diese encouraging results, there is considerable 
room lor improvement, particularly for patients with in- 
cermediate-grade and high-grack lymphomas, for whom 
the median response duration was only 24 months after 
use of single-agent 13l I-labeled anti-B 1 antibody. In an ef- 
fort to improve the durability of remission., we initiated a 
trial to investigate die combination of l31 l-labeled anri- 
Bl antibody with high -dose chemotherapy and stem cell 
transplantation. This phase I/II dose escalation trial is de- 
signed to evaluate the safety and efficacy of 131 UkbeLed 
anti-B 1 antibody (at doses delivering 21 to 27 Gy to crit- 
ical normal organs) in combination with high-dose VP- 
16 (0 to 60 mg/kg) and cyclophosphamide (100 mg/kg) 
with autologous stem cell support. Thirty-five patients 
have been treated since the trial began in 1995, and ap- 
proximately 80% of patients are currendy in disease-free 
remission after I to 34 months 1 follow-up (unpublished 
results). However, the toxicities associated with this com- 
bination chemo radi o i m m u no therapy regimen are con- 
siderably greater than those associated with single-agent 
^I-labeled anti-B 1 antibody therapy; they include mu- 
cositis, alopecia, nausea, revetsible veno-occlusive liver 
disease (one patient), and disseminated varicella-zoster 
virus infection (one patient). Larger patient populations, 
longer follow-up, and additional randomized trials will 
be needed to determine whether this combined modality 
approach will improve remission durations compared 
widi single-agent l31 I-labeled anti-B 1 antibody therapy. 

H CONCLUSION 

Impressive response rates have been documented by inves- 
tigators using atitJ-B-cefl monoclonal antibodies, immu- 
notoxins, and radioimmunoconjugates in patients with 
relapses of B-cell lymphoma. Objective remissions have 
been achieved in $0% to 95% of treated patients in stud- 
ies that targeted the CD20 antigen with chimeric or radi- 
olabeled antibodies. Although these results arc exciting, 
most patients will ultimately suffer relapses and die from 
their lymphomas, indicating that ftirther innovations are 
needed. It appears likely that dierapeutic antibodies will 
provide maximum clinical benefit when administered to 
patients with minimal tumor burden in conjunction 
with high-dose chemotherapy and stem cell support. 
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malignant cells in viira. H owever, in vivo studies in rodents and, 
more recently, in humans have met with mixed success. In 
rodents, good antitumor effects have generally heen obtained 
in leukemia models whereas solid tumors appear less responsive 
(1, 2), In humans, the antitumor effects of IT-As in a small 
number of leukemia patients have been modest and transient 
(3) and, hi a Phase I trial in 22 melanoma patients, only one 
patient had a complete remission and three had partial remis- 
sions (4). 

Recent investigations of the fate of IT-As in rodents have 
revealed that several factors reduce their efficacy m vivo, (a) 
The carbohydrates on the A chain are recognized by the paren- 
chymal and nonparenchymal cells of the liver and Induce the 
rapid clearance of the 1T-A from the bloodstream (5-7). This 
can be prevented by dgA (8). (n) The large size of IT-As 
prepared from intact antibodies (M r 180,000) reduces their 
access to neoplastic cells in the spleens of leukemic mice/* 51 JT- 
As formed using the Fab' fragment of antibody arc smaller (M t 
80,000) and home to the neoplastic ceils in larger amounts * 
(c) Free antibody, which generally a contaminant of IT-A 
preparations, is much longer lived than the IT-A in vivo and so 
can mask the tumor antigens from IT-A that is subsequently 
administered (9). This can be overcome by removing the free 
antibody from the IT preparation by chromatography on blue 
sepharose (10). (rf) IT-As containing intact antibodies arc un- 
stable in vivo because the disulfide bonds generated by cross- 
linking agents such as SPDP or 2-imrnothiolane are prone to 
reduction (5). This can be substantially overcome cither by 
using a new cross-linking agent, SMPT (1 1), which introduces 
a hindered disulfide bond with greater stability, or by using 
Fab'-As (1 2, and Footnote 5), which contain a cystine linkage. 
In studies reported elsewhere, we have found that IgG-As and 
Fab'-As incorporating the above improvements have markedly 
increased therapeutic activity in mice with B-cell leukemia 5 or 
T-cell lymphoma (9). 

We plan to conduct our first clinical trial of IT-As in patients 
with B-cell tumors (eA*., B-iymphorna and B-cell chronic lym- 
phocytic leukemia). Tlie antibodies considered for use as ITs in 
these trials arc anti-CD19 (HD37) and anti-CD22 (HD6). Both 
antibodies recognize B cell-restricted antigens that are ex- 
pressed on a high proportion of normal and malignant B-cells 
(13-20). In a previous report, we demonstrated that both anti- 
bodies make effective IT-As (21). In the present study, we 
compared ITs containing IgG, F(ab')i or Fab' fragments of 
antibody coupled by different cross-linking ugents {SMPT, 
SPDP, or Ellman\s reagent, to native or dgA chain* The results 



ABSTRACT 

Bkin A cti&in-cont&infng immunotoxins (IT-As) specific for the human 
B-cell antigens, CD22 ami CD19, were constructed using the monoclonal 
antibodies HD6 and HD37, respectively. IT-As were prepared by cou- 
pling Intact antibodies, F(ab% or Fab' fragments to native or chemically 
defilycosylfltcd ricio A chain. The IT-As were then evaluated for cytotox- 
icity to normal awl neoplastic human B-cells itt vitro with the major 
objective of appraising their suitability for in vivo therapy of human B- 
Ce tl tumors. The IT-As prepared with both the IXD6 and HD37 aadbodks 
were specifically toxic to normal B-ctife and to most of the neoplastic B- 
celi lines tested. However, the IT-As prepared from HD6 were generally 
more potent than those prepared from HD37. On Uaudi cells, to which 
the two Antibodies bouftd in similar numbers and With similar affinities, 
IT-As prepared with intact HJ06 antibody or its Fab' fragment were 10- 
fbM and 13- to 4-fold more potent, respectively, than the corresponding 
HD37 IT-As. The IT-A* constructed from intact HW antibody end 
native ox degrycosylated A chain reduced protein synthesis hi DaudJ culls 
by 50% at a concent™ lion of 1.2 x *<r n m indicating that they were 
only 5-fold toxic to the cells than ricta Itself. Intact HJD37 IT-As 
produced equivalent inhibition of protein synthesis at 1.5 x lO 10 M» 
With both antibodies, IT- As constructed from the Fab' fragments were 
10- to 20-fold less potent than thefar intact antibody counterparts. lifer- 
ent neoplastic B-cell Hoes varied in sensitivity to the TT-A&- In most 
cases, their sensitivity correlated with the levels of CD19 and CD21 
fuUtgcns expressed. Neither HIM* nor HD37 IT-As affected the ability 
of normal human bone marrow cells to form graaulocyte-a»crophage 
colony-forming units in soft agar, suggesting that both antigens are absent 
from these progenitor cells. Inanimation of sections of frozen human 
tissues using immunoperoxldase staining procedures indicated that the 
antibodies did not brad to a panel of normal tissues lacking B-lymphiH 
cytes. These results suggest that HD6 and HD37 IT-As are candidates 
for in vivo therapy in humans with certain B-cell tumors. However, HD6 
IT-As are more potent* reduce protein synthesis more completely, and 
hence appear to be the ITs- of choice for treating tumors expressing the 
CD22 antigen. 

INTRODUCTION 

Novel antitumor agents have been prepared in several labo- 
ratories by coupling the A chain of the plant toxin, ricin, to 
monoclonal antibodies directed against tumor-associated anti- 
gens (reviewed in Refs. I and 2). These IT-As 3 specifically kill 
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of these in vitro preclinical com pari sons arc the subject or this 
report. 



MATERIALS AND METHODS 

Cells. The cell tines used In these studies are described in Table 1. 
The human Burkina lymphoma line, Daudi, was the standard test cell 
for the majority of the studies {22). Human peripheral Mood ^lym- 
phocytes were obtained from healthy adult volunteers as previously 
described (21). Bone marrow was aspirated from Lhc posterior iliac 
crest of healthy donora. Mononuclear cells from bone marrow samples 
were obtained by centrifugation over sodium metrttoate/FicoIl grn~ 
dients as previously described (22). 

Antibodies, The purified myeloma protein, MOPC-21 (IgGU), was 
purchased from Litton Bionctics (Charleston, SO or was prepared 
from ascitic fluid of BCL t x X63 hybridoma cells secreting both IgMX 
and IgGl* (MOPC-21) (23). The hybricfoma cell lines HD6 (anb> 
CD22) (24) and HD.V7 (att»-CD19) (24) were kindly provided by Drs. 
Dorlcen and Moldeuhauer, Heidelberg, Germany. Purified HD6 und 
HP37 antibodies (murine IgGU) were prepared from ascitic fluid Or 
culture medium by amrooniom sulfate precipitation (final concentration 
of 4555). The precipitates were dissolved and dialyzed against the 
appropriate buffer and further purified by chromatography on hydrox- 
ylapatitc (25) {BioRad, Wogel, HT) at pH 7.2 (phosphate buffer), SP- 
Sephadcx (26) (Pharmacia, Piscataway, HJ) at pH 4.0 (citrate buiTer) 
or Staphylococcal Protein A-Sepharose (27) (Pharmacia) at pH 9.0 
(borate buffer). 

The purity of the IgGl preparations was tested by SOS- PAGE. The 
IgGl isolated from ascites was also tested by double diffusion and 
Immunoelectrophoresis using an us era to mouse serum (Litton Bio net- 
ics). The preparations were >90% pure but contained traces of an 
unidentified M T 100,000 protein. 

Preparation of f[nb'h and Fab' Fragments of Antibody. The IgGl 
preparations were treated with pepsin (4500 units/ml) (Sigma, St 
Louis, MO) for 6 h at 37*C under the following conditions; pH 3.7 
(0.1 m cttrale buffer); protein concentration, 2-3 mg/ml; enzyme/ 
protein ratio, 2/100 by weight (28, 29). The digestion was terminated 
by raising the pH to 8.0 with 1 n NaOH. HP37 F(ab'), fragments were 
Isolated by gel filtration on Scphacryt S-200HR (Pharmacia) equili- 
brated in phosphate-buffcrcd 0.3 M Nad. HTH> Fftb'fc fragments were 
isolated by adsorbing the nouneutralized digest to a column (10 x 2 
cm) of SP-Sephadex equilibnrted in 0.1 m citrate buiTer, pH 3.7, and 
eluting the FfoV), fragment with PBS, pH 7.2. The yields of F(ab1» 
fragments ranged from 35 to 50%. 

The Fab' fragment was curtained by reducing the F(ab')a fragment 
(5-10 rag/ml) with DTT at a final concentration of 5 itjm in PRE for 
I h at room temperature. The excess DTT was removed by gel nitration 
on Scphodex G-25 and the thiol groups or tbv Fab' fragment (5 mg/ 
ml) were derfvatized with DTNB at a final concentration of 2 dim (12). 
The nonreacted DTNB wns removed by gel filtration on a column (30 
x 2 cm) of Sephadcx G-2S equilibrated in pbe. 

crX he PUriCy ° f thc F(ab ' )a Fab ' f ™K I "ciits was determined by 
SDS-PAGE and by doubt* diffusion and Immunoelectrophoresis using 

Tabte 1 AtiUbodvut undrcih used in this study 
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anti-mouse IgG sera which reacted with both Fab' mid Fc fragments. 
The preparations were free of both Fc fragments and intact IgG. 

Mcfn A Chain, The A subunit of ricin wns prepared as described (30) 
and was purchased from Inland Biological*, Austin, TX. dgA was 
prepared as described by Thorpe el oL (8). The 50% lethal doses of 
native and dgA chain in 25-g mice were 0.7 m« and 0.3 mg, respectively. 
The 1C» in a cell-free rabbit reticulocyte assay was 10" ,, -10 rU m for 
both dgA and native A chain (Ref. 30 and Footnote 5). 

For conjugation with the antibody, the A chain was reduced with 5 
mM DTT as described previously (J 2). In some cases, a small amount 
of radiotodinated A chain (approximately W cpra) was added to the 
unlabeled A chain before reduction. 

Radiolabelmg of Proteins. IgGl, Ffeb'h fragments, Fab' fragments, 
and A chain were labeled with ,55 1 using the IODO-GEN reagent 
(Pierce, RocJcviUc, IX) (31), The specific activities of lhc proteins were 
approximately 1 ^CWg. 

Preparaiion of ITs with SMQPT. The preparation of IgG-A conjugates 
w,th SMPT was performed as recently described by Thorpe et ol (11). 
Briefly, SMPT dissolved m AmethyUbrmamide was added to a solution 
of antibody (6.8 mg/ml) in borate buffer, pH 9, to gHe u final concen- 
tration of 0.1J dim. After mentation for 1 h at room temperature, the 
solution was fUlered through a column of Sephadcx G-2S equilibrated 
in phosphate buffer, pH 7.5, containing 1 mM Nua EDTA. The deriv- 
atixed protein, which ctuted in the void volume of the column, contained 
1.5 to 2.0 «-metlryl^.pyridylditbio)toluoyl groups. The derivatized 
pTOtein waft then mixed with freshly reduced A chain (using 03 mg A 
chnin per mg antibody), concentrated by idtruffltration to about 1.5 mg 
total protein per ml, and stored for 3 days at 25'C under nitrogen The 
mixture was then created with 0.2 mM cysteine for 6 h at room 
temperature to inactivate any activated disulfide groups remaining in 
the IT. The IT was purified according to Knowles and Thorpe (10). 

Preparation oflT-Aa with SPDP. IT-As were prepared using IgG or 
F(ab') a fragments of HD6, HD37, and MOPC-21 fl9 previously de- 
scribed ( 1 2). Briefly, SPUP dissolved in dlmethylformmnMe was added 
to a solution of Ig<S or PXab'h (10 mg/ml) in PBE, pH 7.5, to give a 
final concentration of 1 dim. After 30 mm at room temperature, the 
solution was filtered on a column of Sephadex G-25 po x 2 cm) 
equilibrated with PBE. The degree of substitution uf dcrivatized IgG 
and FCab'b fragment was 3-4 molecules pyridylo^thiopropionate/mor- 
ecule of protein. I ne dcrivathed protein was then mixed with reduced 
A chain (dissolved in PBE) using 1.3 mg A chain/mg IgG or F(ab% 
concentrated by ultrafiltration to 2-3 rag/ml, and maintained for 2 h 
at 25X and overnight at 4"C. The mixture was then purified (10). 

Preparation of Fab'-A* with DTNB. The preparation of mouse Fab'- 
A whh DTNB-derivatized Fab' was performed as described for rabbit 
Fab'-A (12). Briefly, thcEUman's derivatized Fab' fragmeni containing 
1-2 thionirrobenxoic acM-suhstituted thiol groups (sec preparation of 
Fab 7 ) dissolved in PBE (5 mg/ml) was mixed at room temperature with 
reduced A chain using 1 .3 mg A chain/mg Fab' at a final concentration 
of 2 mg protein/ml. The reaction between ihionitrobcnzxiic acid-Fab' 
and A chain was followed by the increase of absoibance at 412 ncn and 
was complete after 2 h at 25*C. The mixture was then imnurfiately 
purified. 

Purification of the IT-As. The IT-As prepared with antibody frag- 
ments were purified by affinity chromatography on Blue Sepharose 
using a modified version or the method described by Knowles and 
Thorpe (10). Chromatography was carried out in 0.05 M phosphate 
Duller, pM 7.0, and A chain and TT-As were eluted with 1 m Nad 
prepared in the same buffer. The eluale was concentrated by ultrafirtra- 
tion to 5 mg/ml and applied to Scphacryl S-200HR equilibrated with 
phosphate-buffered 0.3 M Nad, pH 7.2. The peak(s) euntaining the 
purified 1T-A was collected, concentrated by ultrafiltration to at least 
0.5 mg/ml, and stored in aliquot* at -70*C. 

Molar Ratios of A C^w/Antibody . The molar ratios of A chain to 
antibody were calculated from the specific radioactivity of "*I-A chain 
and the following absorption coefficients {A, 0.1 %/l cm at 280 nm)- A 
Cham, 0.77; fgGl, 1.4; F(ab') 3 and Fab' fragments, 1.2. With Fab'-As, 
molar ratios of A chain to antibody fragment* of 0.95 ± 0.17 (mean 
and SD of 5 experiments) were obtained. With FfrbVAs, the molar 
ratios of A chain to antibody fragment were 2.2 ± OS (mean and SD 
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of 4 experiments). With I&G-A3 % (he molar ratios of A chain to tinti body- 
were 1.3 * 0.2 (mean and SD of 6 experiments). 

Binding of ITs to Daudi Cells, Binding of antibodies and IT-Ak to 
D&odr cells was evaluated by an indirect immunofluorescence assay. 
JO* Cells/0.1 nil were treated with various amounts of antibody or IT- 
A (2-1000 ng/0.1 ml) for 30 rain at 4'C After washing with PBS 
containing 0.1 % sodium azidc, the ceils were treated with FTTC-lahcted 
goat smli-mousa immunoglobulin for 15 min at 4*C (3 ftp, JrTTC- 
ont£body/50 fd/10 a cells). The cells were washed and analyzed on a 
FACS (Bectoo-Dickinson, Oxnard, CA). The concentration (m) of HD6 
or HD37 antibody (or the correspond!] t£ IT- A) which gave 50% of this 
maxiinnni fluorescence (32) was determined. 

BS»<ting of Radiolabeled IgG and Its Fragments to Daudi Cells. Daudi 
cells were treated with various concentrations of radiolabeled ligunds 
(0.02-10 *ig/ral/)0 7 cells) in RPMI Medium 1640 containing 10% FCS 
and 0.1% sodium azide and incubated for 3 h on ice. The calls were 
then separated from the medium by centrifugal ion through a mixture 
of dibutyJphthalate and bis-ethylhexylphthalate (1.1:1.0, v/v) (33)l The 
supernatants were discarded and the tips of the tubes containing the 
cell pellets were cut off and the radioactivity was determined in a 
gamma counter. The amount of radiolabeled ligand specifically bound 
was calculated by su Detracting the radioactivity bound In the presence 
of an excess of unlabeled ligand from the total radioactivity bound. In 
all cases, 95% or more of the binding of the radiolabeled ligand could 
he inhibited by the addition of a 100-fold molar excess of unlabeled 
ligand showing that the vast majority of binding of the radiolabeled 
ligand was antigen mediated. The affinity constant [fC) and the number 
of ligand molecules hound per cell (n) under conditions of equilibration 
were calculated by using the Scatcbard form of the equilibrium equation 

(34) . 

SOS-PAGE. Proteins were analyzed under both reducing And non- 
reducing conditions by SDSrPACE on 10% gels according to Laemmli 

(35) . Protein bands were visualized by staining the gel with Coomassie 
blue. The following proteins were used as standard* fur the estimation 
of molecular weight (BioRad, Richmond, CA): ovalbumin, 45 lulodaU 
tons; bovine serum albumin, 66 kllodaltons; phofsphorytase B, 92.5 
kilodaltons; £-£alactosidase, 116 kiludaitons; and IgGl, 150 Blodal- 

tUIOJu 

Cytotoxicity Assay. 10 s Cells/20 /d in RPMI Medium 1 640 contain- 
ing 10% FCS, glutamine, and aniihiotics were distributed into triplicate 
wells (9 6- well micro titer plates) containing 100 fit of medium and 
concentrations of IT ranging from 10~" to I0~ 7 m and incubated for 
24-48 h at 37*C The cells were centrifuged and washed twice in 
leucinc-free RPMI 1640 containing 10% FCS and were resuspended in 
200 fi\ of the same medium. Cells were pulsed fur 4 h at 3TC in 5% 
CO* with 5 pCi ['HJluucinc (Aracrsham, Arlington, VAX Wells were 
harvested on a Titertek cell harvester (Flow Labs, Rock v Hie, MD) and 
the radioactivity ou the fillers was counted in a liquid scintillation 
spectrometer. The percentage of reduction in {'Hlleucina incorporation, 
as compared with un treated controls, was used as the assessment of 
ViTling (23). Nine wells of untreated cells were included in each exper- 
imental group. 

In some cases, the cells were treated with variable amounts of 1*1 s 
for 1 b al 4 or 37*Q washed twice to remove excess IT, and further 
incubated for 24 h at 3TC. Cells were pulsed with radiolabeled leucine 
as described above. 

Cytotoxicity of IT-As o» Bone Marrow Cells. Human bone marrow 
mononuclear cells were treated with medium or with IT-As for I h at 
37*C The in vitro growth of CFU-GM was determined by soft agar 
etoning as described previously (22). 

Incubation of IT-As with Human Plasma. Fah'-A, F(ab y )j-A,3iid TgG- 
A were incubated nt 50 ug/mi with undiluted fresh hranm plasma 
overnight at 37*C and then used in the cytotoxicity assay in parallel 
with the freshly thawed IT. 

Reactivity of HD6 and HD37 with Normal Human Tissues. The 
following tissues were tested for their reactivity with HD6 and HTO37 
antibodies: adrenal, bladder, brain, breast, heart, kidney, nerve, esoph- 
agus, pancreas, parathyroid, prostate, skin, testis, and thyroid. The 
method used was modified from the standard immunopernxidase stain- 
ing technique (36). Or yo slat sections of tonsils, were cut and allowed to 
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dry onto slides overnight at room temperaqxre in a dry atmosphere. 
Sections were then fixed by immersion in acetone for 10 min followed 
by absolute ethatiol for 10 rain. Fifty /d of HD6 or HUD37 at appropriate 
dilutions in PBS containing 03.% bovine serum albumin and 0.2% 
azide were added to the sections and incubated at room temperature 
for 1 h m a **wet box." Slides were washed in PBS for 5 min and a 
second layer of peruxidiisc-htbclcd rabbit anti-mouse immunoglobulin 
(Dako, Ltd., Bucks, UK) in 50 ptl of a 1:50 dilution In PBS containing 
20% normal human serum was added. Sections were incubated for 45 
min at room temperature and than washed for 5 min in PBS, fixed in 
buITered fuimol-suJinc for S min, washed in tap water, and stained In 
3-3'-diaminobenjridine terraiiydrochloridc at 0.6 me/ml in PBS plus 
0.01% H3Q1 for 10 min. Sections were washed briefly in tap water and 
coun lerstained sequentially in 4% iron alum solution and hacmatoxyHn. 
Permanent slide mounts were prepared by dehydrating samples through 
alcohol and xylene and mounting them in DPX or Styrolite. 

results 

Characterization of Antibody Preparations and Their Binding 
to Several Human Cell Lines. The monoclonal murine antibod- 
ies (HD6 and HD37) both belong to the IgGl (*) subclass and 
are directed against the B-ceU markera GDI 9 (HD37) and 
CD22 (HD6) (15, 19). The reactivity of these antibodies with a 
variety of neoplastic B-ceU lines, and with normal peripheral 
blood lymphocytes, was determined by treating the cells with 
the antibodies and measuring the amount of antibody which 
bound with a secondary FITC-labeted goat anti-mouse immu- 
noglobulin reagent using the FACS. The results of the FACS 
analyses are presented in Table I, 

Fig. 1 shows a representative Scatchard analysis of the bind- 
ing of HD6 antibody and its fragments to Daudi cells. The 
results of this and other such analyses are summarized in Table 
2 and show that intact HD6 antibodies and its F(ab')a fragments 
have similar affinities and bind to Daudi cells in numbers 




Fig. 1. Scatuhnrd analysis or the binding of HD6 antibody and its fragments 
to Daudi cells. O, IgG antibody (K~ 1 x 10 s m*\ n - 5 x l<0; A, F(ab0a ■* 
1.8 x UPm-^u^Sx 10*); O, Fib' (tf « 0.5 X 10" M"', H - 12 x 

Table 2 Binding paramour* qfHDC and HOT? antibodies to Damii rc2h 
The IgGl and its fragments wnrr labeled wttti "*l. Mean of ihrce experiments. 

Antibody 



HD6 



IID37 



Affinity con- 
stant (AT x 
Ligand 10* M** 1 ) 



No. of mol- 
ecules 
bound (it x 
10 4 ) 



Affinity con- 
stant Off* 
IO'jO 



No. of mol- 
ecules 
bound (it x 
10 4 ) 



leui 

Fah' 



4.2 ± 1.4 
3.9 ±1-8 
OA + 0.1 



7.0 1:1.3 
6.5 1:1.0 
10.9 ± 2.3 



3.6*0,4 
1.7 * 0.3 
0.5 *0.1 



8.5 ± 1.4 
7.1 ± 1.2 
13.0* 1.3 
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similar to those of intact HD37 antibody and its F(ab')* frag- 
ment, respectively. As expected from the results of previous 
studies, intact HD6 and HD37 antibodies had approximately 
10-fold higher affinities than their Fab' fragments. This is 
probably due to the fact that the intact antibodies and their 
divalent F(ab')a fragments each bind to two antigens on the cell 
surface, whereas the monovalent Fab' fragments bind to one 
antigen and can therefore detach from the cell surface more 
readily. Tn support of this, the numbers of molecules of Fab' 
fragments that hound cells under saturating conditions ex- 
ceeded the numbers of molecules of intact antibodies or K(ab')a 
fragments that bound by 1.6- to 1.8~fold. 

Preparation and Characterization of IT-As. IT-As were con- 
structed by coupling intact antibodies, F(ab') a> and Fab' frag- 
ments to either native or dgA chain. Three monoclonal IgGI* 
immunoglobulins were used: HD6 t HD37, and MOPC 21 (con- 
trol). 

The IT-As containing IgG and F(an'>, fragments were pre- 
pared using the heterobifunctional linkers, SMPT and SPDP, 
respectively. Analysis of the IT-As containing IgG by SDS-* 
PAGE (Fig. 2) indicated that they contained a single major 
component comprising one molecule of IgG and one molecule 
of A chain. Other minor bands on the gels corresponded in 
molecular weight to one molecule of IgG coupled to two or 
three molecules of A chain. The F<ab')*-As were more heter- 
ogenous and contained one molecule of F(ab'>2 coupled to 1-3 
molecule of A chain. The IT-As prepared from the Fab' frag- 
ments comprised almost exclusively one molecule of Fab' and 
one molecule of A chain. 

Table 3 summarizes the yields of IT-A preparations, the 
nbosome-mactivating capacity of the A chain (following reduc- 
tion of the IT-A), and the celMunding activity of bivalent versus 
monovalent ITs. The yield of IT-As prepared using intact 
antibodies or their Fab' fragments was similar < 19-22% with 
respect to the antibody component) whereas the yield of K(ab') 2 
fragments was somewhat lower (10% with respect to the anti- 
body component). The A chains in both divalent and monova- 
lent IT-As retained their ability to inactivate ribosomcs. 



Table 3 Chnraererkation of IT-A s pre pared from HP*. Bt>37 t and dgA chain 

Concentre- 

Inhibition ofttll-frcc 
proretn synthesis 

Vector 



htiimituituxtn* 



preparation 

m 



HD6 



Kub'-dgA 



22 ± 3 
10 ±5 
19 ±4 



Hon giving 
503 maximal 
ihiorevce&ce 
(QM) 

HD37 HD6 HO 37 



2.6 * tfr " 

ND 
7.8 x Ifr*' 



2.9 X 1QT* 1 

ND 
6.5 X HT" 



ICm for native a cliain, 7.1 X lO"*. 
Unconjugated IgG, |o. 
' ND, not detemuatjiL 

^ UnconJuealwl ¥\*V)* HOo, 17, and F(*b% HD37, IS. 
r Uuco^jagated *w MD6, 30. 



10* 

30 
56' 



77 




Concentration Cm] 



/^^£r-^^ . 1011 05 proldn »yn^*ai» by HD6- and HD37-derived ITa. 
( MOK>2l : A hed «, kv. or MO- ^Dawticdbwet* incubated for 24 h £ 
J7 C witb different concent rut ions of IT-As (10" "-10"* MX then were washed 
twjc» aod pulsed for 4 h «i 3TC in S% CO, i*,h S ^H^^T^t 

A, M, run -A; 9, ncin. 



kd 

150 
116 
92 

66 
45 



1 2 3 4 5 6 7 



Ma. 2. SDS-PACE annrysis of IT-As tad dwr corresponding antibodies and 
F(abVA;/ J fliitF6 ( Pab'-A;X(m*7,Achftto. 
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The ceU-binding ability of the F(abVA and Fab'-A (Tabic 
3) was about half that of the unconjugated fragments, whereas 
the binding ability of the IgG-HDrVA versus HD6 was. un- 
changed. The lower affinity of the F(ab')r-A and Fab'-A for 
cells expressing the specific cell marker can be explained either 
by steric hindrance by the A chain or by a loss of antibody 
affinity due to the chemical and physicochemicai procedures 
used to prepare the IT-A. This is in accord with the findings of 
Ramakrishnan and Houston (37), who reported that the F(ab')2 
fragment of anti-Tby-1.1 antibody coupled to poke weed anti- 
viral protein had a lO-foJd lower affinity than tbe unconjugated 
Ffab')* fragment, whereas the affinity of an intact anti-Thy-U 
IT was the same as that of the native antibody. 

Specific Cytotoxicity of Different IT-As on Daudi Cells. The 
toxicity of different IT-Aa on Daudi cells was assessed by 
incubating die cells with increasing concentrations of ITs at 
37X for either 24 or 48 h. A representative experiment is 
shown in Fig. 3 and the results of several experiments are 
summarized in Table 4. 

From the results summarized in Table 4, the following con- 
clusions can be drawn, (a) The cytotoxic activity of IT-As 
constructed with HD6 (anti-CD22) was generally higher than 
that of IT-As prepared with HD37 (anti-GDI 9). With IgG-As, 
the difference in cytotoxic potency was about 10-fold and with 
Fab'-As it wag 3.5- to 4-fold. HD37-A prepared with intact 
antibody was unahle to reduce protein synthesis in Daudi cells 
by more than S5% at saturating concentrations (10~* m or 
greater) whereas HD6-A at these concentrations completely 
inhibited protein synthesis (Fig. 3). (*) The toxicity of the HD6- 
A prepared with intact antibody was only about 5-fold less than 
that of ricin. (c) The toxic effects of the HD6-A and HD37-A 
were specific since IT-As prepared from intact MOPC-21 an- 
tibody, which does not bind to Daudi cells, were np to 10,(100 
times less toxic (rf) The cytotoxic activities of HD6-Aand 
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Table 4 Cytotoxic activity qfHDS and HPS 7 IT- As on Oaadi onUs 



Time ot Uwufeuiun of HD6 [IC» (M» Time of incubation of HDT7 |K^, <m)J mJc^-^^^ 



IT-A* 24 h 48 b 24 h 48 K 24 h 48 h 



IgG-A 3.7 a 1.2 X HT'M*/ U±0.lxi0" n (4) l,ft±0.2x 10- IO (4) 1.3 ± 0.2 X l(T ,0 <4) 2.2X10^(2) 3.0x10-" (2) 

IgG-dgA 1.4*(X4X 1(T"<4) U±0.tX l(T u (4) 1.3 ± 0.4x J0- |D <4) 1.3X10-»°<2) 2.«XJ0-'(2) 3.0X10-*(2) 

F(aV) r A ND* ND 2.1 ± 0.2 x \0~"{5) ND ND NO 

F(ab'MEA 2.7± Ux ltr"(4J ND ND Nl> NO ND 

Fab'-A 9 9 ± 5.3 x MT im (4) 4.2 ± 0.8 X KT 10 (6) 2.1 ± 0.7 x ID"* (4) 3.5 * (U X lO"" (4) 7.0 X 1<T* (I) ND 

Pab'-dgA 1.0 ± 0.3 x HT* (ft) S.2 ± 0.8 X 10"** (4) 4,0 x 1(T* (2) 3.6 0-5 x Hr" (4) 1.3 X JO"* (2) 2.0 x 10 ^(1) 

* ICjoTor rfciii toxin, 2.5 ± 1-0 X 10 " (3). 

* Numbers id parentheses, number of experiments. 
c NT), nnl determined. 



HD37-A constructed with divalent antibody were approxi- 
mately 10 times higher than the corresponding Fab'- As. This 
Is consistent with the results reported by Masnho et (38), 
Raso and Griffin (39>, and Fulton et ai. (12), f» For HD6, the 
cytotoxic activity of IgG-A was higher than that of F(ab')r-A 
despite the fact that both conjugates are divalent, but was in 
keeping with the finding that the F(ab'>rA had Lower binding 
affinity than the IgG-A. (/) The incubation of cells with IT-As 
for 48 h resulted in lower IC 3 * values (higher activity) than 
incubation for 24 h. Although not shown, but as reported 
previously (21 X incubation at 4*C t followed by 24 h at 37 m C t 
gave slightly higher lC*ofi (l° wer activity). (#) The cytotoxicity 
of ITs constructed with either native or dgA chain was similar 
in vitro. 

Cytotoxicity of FT- As on Other Human Leukemia and Lynn 
phoma Cell Lines. The sensitivity of different B-cell leukemia 
and lymphoma cell lines to the IT-As generally correlated with 
their levels of expression of the CD 19 and CD22 antigens 
(Tables I and 5). Kaji cells, which express the same levels of 
CD1 9 and CD22 as Daudi cells, had the saine sensitivity to the 
IT-As. NALM-6 ceils, which express nbont LS times as much 
CD19 and one-fourth as much CD22 as Daudi cells, were about 
10-fold less sensitive than Daudi cells to HEX5-A and about 
twice as sensitive as Daudi cells to HD37-dgA (the only I ID 37- 
A tested). However, ARH-77 and NAMALWA cells* which 
express CD 19 and CD22 at levels one- third 10 one-eighth those 
expressed on Daudi cells, were more than 50 times less sensitive 
to the IT-As than the Daudi cells. Thus, the sensitivity of the 
ARH-77 and MAMAJLWA lines to the IT-As was somewhat 
lower than would be expected from their levels of antigen 
expression. Jurkat cells, which do not express either CD 19 or 
CD22, were resistant to both IT-As, 

Effect of IT-As w Normal B-Ccils. IT-As prepared from 



intact HD6 or HD37 or their Fab' fragments were highly 
cytotoxic to normal B -cells (Table 6) confirming earlier results 
(21). Similar IC M »s were obtained with IT-As (HD6) prepared 
cither from intact antibodies or from their monovalent Frag- 
ments, and the deglycosylation of A chain had tittle or no effect 
on the cytotoxicity of any of the JT-As. HD6-A ITa were only 
5- to 10-fold less toxic than ricin. The cytotoxic effects of the 
IT-As were specific. The B-cells were not killed by MOPC-21- 
A at the highest concentrations tested. 

Stability of HD6-A IT-As hi Human Plasma. The toxicity of 
HD6 IT-As prepared from intact antibody or its F(ab r >2 and 
Fab' fragment was only marginally reduced by incubating the 
IT-As in fresh human plasma for 24 h at 37*C before testing 
them on Daudi cells (Table 7). A similar result was observed 
using H06~rT-dgAs (data not shown). Thus, the IT-As are 
stable in human plasma at 37"C. 

Effect of JT-As on Normal Human Bone Marrow. Previous 
studies on the distribution of GDI 9 and. CD22 indicate that 
they are B-celi-restrieted <^5, 19). Since these antigens are 
expressed on fewer than 5% of bone marrow mononuclear cells, 
it is assumed that bone marrow hematopoietic progenitor ceils 
lack CD1 9 and CD22 (13). These data, however, were based on 
immunofluorescence analyses. To extend these studies and 
confirm that anti-CD 19- A and anti-CD22-A were not toxic to 
norma) hematopoietic progenitor cells, bone marrow cells were 
treated with concentrations of IT-As (1 /*g/ml) that normally 
inhibit protein synthesis in Daudi cells by greater than 90%* 
After treatment with the IT-As, the bone marrow cells were 
plated in soft agar und the growth of CFU-GM was determined. 
As shown in Table 8 t no reduction of colony formation was 
seen when bunc marrow cells were treated with either HD6-A 
or HD37-A- These studies indicate that HD6-A and 1 ID37-A 
do not kill CFU-GM cells and suggest that these antigens 



TaMe 5 Cytotoxic activity of different HD6-, HI>37-> ami M QPC-2 J -derived IT-As an different human ceil Ones 

Afllibcx&cs (IC* (M)] 



•Number* in parentheses, number Of cXBeftmems- 
* ND, dot determined. 
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Cell type 


IT» 


HD6 


IID37 


MOPC-21 


ARII-77 


IgG-A 
IgG-dgA 
F(ab'VA 
F(abVdgA 


1.7 ± 1.2 x io~* py 

6.0 ±3.0* 10" w (3) 
ND* 

2.0 ± 1.2 X 10~» (3) 


1.5 ± 0.7 x itrHv 
4.9 x 10 - * (2) 
1.6 x 1(T* (2) 
ND 


>5.s x j<r B (i) 

ND 

ND 


NAMALWA 


lgG-djtA 
Fab'-A 


NO 
NO 
ND 


1.9 x L<r« O) 
31 x Mr* (I) 
3.4 X 10-* (1) 


ND 

>4.2x HT* (I) 
ND 


NALM-6 


IgC-dgA 
FflV-dgA 


1.6* 0.5 X 1(T W <3) 
4.0 x 1(r" D (2) 


6.7 x I0-" (1) 
ND 


>3.3x 10^(1) 
ND 


Roji 


IgG-dgA 


3.0 x in-"" (2) 


i^xir w (2) 


>3JX ID - * (2) 


.lurkal 


Tab'-A 


1.0X 10" T (1) 


1.0 x 10" 0) 


>1.0x IO- T (l) 
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Tab* 6 Cytotoxicity aflT-As derived {run HD6. HDS7, and MOPC-21 on 
normfUB-ttih 



Antibodies 11C*,(m)J 



IT 



IgG-A 
Ij?C-<lgA 

Fab'-dgA 



HD6 

3.4 x l0-*°<2> 
3J+i.3xiO- |W 0) 
1.4 X 10 *»<2) 



HD37 



MOPC-21 



1.1 x 10 10 (J) 
3.8 ± 2.7 X 10"* (3) 



>i0-"(3) 
5-^(2) 

>IO-<0 



Numbers in pcireotbcicH, number of* experiments. The ICVo value far wsnn 
n M 2Jil.7xl(T u M(5). 
* ND, not <fcter miaed. 

Table 7 Oftftuciorj' Ij-As on Daudi celts after their Incubation witt 
human plasma overnight ai $7* C 



Imitation 
with 



Cytotoxic actlvhy 



IsG-A 



Fab'-A 



No*e 
Plasma 



100 
72 



100 
85 



100 
S3 



° Mtsm uf lwu experiments. The IC«o vthhuuL treabnttnt was considered 1 00%. 
Table 8 Soft agar cloning of human done marrow cettsjbttowina trtatmmt wish 



Experiment 



Treatment 



CrOj-G[Vl 
colonist" 



Medium only 
MOPC-2J-A* 
HD37-A* 
HD6-A* 

Mod him only 
MUPC-21-A 
HDT7-A 
HD6-A 



438 dt 134 
4^0=t63 
604 ±<S 
504 ~k 167 

254 ± 12 
324 ± 12 
244 *28 
290 ±37 



• Bone marrow cells were treated for 1 b at 37*C wflh concentrations of IT. A 
that reduced Daudi cell fUJIeuciDe incorporation by 90% or abater (1 **R/ml). 
The cell* were plated in duplicate in soft agar and the numbers of CFU-CM 
colonies (mean ± SD/10 5 bone marrow cella) were counted 14 days later. 

» lgG (MOPC-2J f 1 ID37, HD6). 

should also be absent from pluripotent stem cells. Thus, in v/w>, 
ad ministration of these ITs should not damage normal stem 
cells in die bone marrow. 

Binding of IID6 a»d IID37 Antibodies to Normal Human 
Tonsils, The binding of HD6 and HD37 antibodies to tonsils 
was visualized using peroxidasc-labclcd rabbit anti-mouse im- 
munoglobulin. Tonsils stained with both HD6 and HD37. As 
shown in Fig. 4, HD6 04) gave stronger staining of the mantle 
zone whereas HD37 (jfr) gave stronger staining of germinal 
centers. 



DISCUSSION 



The major finding to emerge from this study is that IT-As 
constructed with the anti-CDZ2 antibody, HD6, are highly and 
specifically toxic to neoplastic B-cclls and are more potent than 
nr-As constructed from the anti-CD 19 antibody, HD37. 

The greater potency of HD6-A as compared to HD37-A was 
most evident on Daudi cells to which the two antibodies bound 
in similar numbers and with similar affinities. IT-As prepared 
from intact HD6 antibody or its Fab' fragment had TC» values 
10-fold and 1.5- to 4-fold lower, respectively, than those of the 
corresponding HD37 IT-As. Importantly, treatment of the cells 
with saturating concentrations of the IJGD37-A did not reduce 
protein synthesis by more than 8595, indicating that a substan- 
tial proportion of the cells survived treatment. Under the same 
conditions, HD6-A abolished protein synthesis. The most likely 
explanation for the greater potency of HD6-A is that the CD22 
antigen routes Ihe IT-A to a compartment in the cell from 
which the A chain can translocate efficiently lo the cytosol 

2615 



whereas the CD 1 9 antigen routes the IT-A to a compartment 
less favorable for A chain translocation, possibly the lysosomal 
compartment. In support of this suggestion, Press et aL (40) 
reported that TT- As directed against the CD3 and CDS, but not 
the CD2, antigen on human T-ceHs were cytotoxic. The differ- 
ences in toxicity correlated with more rapid delivery to Lyso- 
somes and degradation of the ineffective IT-A. 

Different neoplastic B-cell lines varied in their susceptibility 
to the HD6-A and HD37-A. The major factor determining 
susceptibility appears to be the concentration of the antigens 
expressed on the cells, as has been observed with other cell 
types (41). l>audi and Haji cells, which have high levels of both 
GDI 9 and CD22, were highly susceptible to both IID6-A and 
HD37-A; NALM-6 cells, which have low levels of CD22 but 
high levels of CD19, were about 10-fold less sensitive than 
Daudi or Raji cells to HD6-A and similar in sensitivity to 
HD37-A. However, other cell types such as NAMAJLWA and 
ARH-77, which have 3- to 8-fold lower densities of CD19 or 
CD22 on their surface than Daudi or Raji cells, were more than 
50 times less susceptible than Daudi cells to both IT-As, This 
suggests that antigen density is not the sole factor which deter- 
mines the susceptibility of a particular cell type to an IT A, r.e, 
as yet undefined chai^erisrics of the cell type also determine 
its susceptibility. In this regard, Bjorn et aL (41) also showed 
that different breast cancer cell lines with similar densities of 
the same target antigens had completely different susceptibili- 
ties to IT-As. 

Normal human B-cclls were susceptible to IT-As prepared 
with HD6 and HD57 whereas bone marrow CFU-GM progen- 
itor cells were resistant This suggests that therapy with either 
HD6-A or HD37- A might cause immunosuppression (by killing 
normal It-cells) but should not cause damage to stem cells* 
Immunosuppression of patients is likely to be transient because 
new B cells should soon emerge from precursor cells in the 
marrow, as has been demonstrated in the mouse (42). It might 
also extend the period of time that such IT-As can be admin- 
istered before the patient raises neutralizing antibodies to either 
the mouse immunoglobulin or the ricJn A chain. 

Based on the data described in this report, our first Phase If 
II clinical trials will utilize an anti*CD22-A. The overriding 
factor in reaching this decision was that anti-CD22-A has 
greater cytotoxic activity than anti-CDl9-A on the majority of 
the neoplastic B-cell lines tested. However, the CD22 antigen 
is present at high levels on fewer types of B-cell neoplasms than 
the CD 1 9 antigen (13-20) and this restricts the use of anti- 
CD22-A to the treatment of most B-cell lymphomas, some 
chronic lymphocytic leukemia s, and a few rare tumors such as 
hairy cell leukemia. It must also be emphasized that the malig- 
nant stem cells in these diseases have Dot been identified and 
phenotyped, even though it is the destruction of these cells that 
is the primary objective of IT therapy. If the malignant progen- 
itor cells are less mature than their more abundant progeny, 
they may express lower levels of CD22 antigens. However, 
these lower levels may still be sufficient for IT-A-mecKated 
killing since the pre-B-cell leukemia line, NAT.M-6, which 
expresses low levels of CD22, is still highly susceptible to HD6- 
A. 

In conclusion, based on the results of this preclinical com- 
parison of different ITs in vitro, we plan to carry out a clinical 
trial to compare ITs (containing dg A chain) prepared with 
intact anti-CD22 antibody (linked via SMPT) to those made 
whh its Fab' fragment (linked via Ellman's reagent). The anti- 
CI>22 SMPT-dg A offers the advantage of high potency, lon- 
gevity and stability (13) while the Fab'-anti-CD 22 dg A may 
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Fig, 4. [ninnumpernxidaM staining of a bu- 
mnn lonsiL/4, HHf {ar»ti-CL)X2) shows a single 
foMcJe In which The dbIIn of dm mantle (At) 
arc darkly stained and more prominent than 
those of the germ inn! center (flrj). B % HJJ37 
(antl-CD19) shows two follicles and differs 
from HD6 In the more prominent *tslniag itf 
the CC cells. 
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be more effective in localizing to tumor tissue. 4 'thus, depending 
upon the type of Wcell tumor treated, each construct may offer 
different advantages. 
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INDOLENT LYMPHOID MALIGNANCIES AND ADDITIONAL THERAPEUTIC APPROACHES 
Ab*ract*4D0 Poster Board 0-Saskniz 40O-I 

RBDTJCED-DOSB ZEVALXN*" RADIOLMMUNOTHERAPY FOR 



RELAPSED OR REFRACTORY B-CELL NON-HODGKIN '5 
LYMPHOMA (NHL) PATIENTS WITH PRE-EXISTING 
THROMBOCYTOPENIA: REPORT OF INTERIM RESULTS OF A 
PHASE C TRIAL. Thomas E. Witzig. 1 Christine A. While, 5 Leo I. Gordon, 5 
Russell J. SchiWer/ Gregory A. Wiseman,' Amanda Rimmcr*, 3 Elizabeth 
Parker*, 2 Antonio J. Grillo-Lopez. 2 'Mayo Clinic, Rochester, MN; >ID£C 
Pharmaceuticals Corp., San Diego, CA; 'Northwestern University, Chicago, IL; 
4 Fox Chase Cancer Center, Philadelphia, PA. 

ZevaUa (ibritimomab titrxctea. IDEC-Y2B8) U an attti-CD20 murine IgG. kappa 
mooodoful antibody conjugated to Chnoetta (MXETTPA) widen con securely chelate sitter 
n 'Indium 0 1 'In) for unogtag/tosimetry ox "Ytatium (**Y) for (faerapy. Phase WI trials [Blood 
199$92 (10 Suppt):4 17a #1721 and *1722] demonstrated tbatduu^panuiietetsofbaaeUiK 
platelet count cjh! percem Involvement of bono marrow wiih NHL were coireijited with severity 
of hensatotogic toxicity while bone marrow dosimetry was not. MTD was found Co be 0.4 
raCi/kg (0-3n>Ci/Tcg hi patients witti mild thiombocytopenia). Based en (hfa data, we contracted 
a Phase U trial to father evaluate tbe safety and dtecy of 03 oiC3/kg of ^labeled Zevalni 
for treatment of patients witnielapsedOTrefiTtflD^.kwr-gradB, foUkola- or u -an s ftaiued CD20+ 
B ceD NHL Patients with < 23 % bone marrow involvcmeot (oa bone marrow biopsy), no 
prior ra d inim i Tn inotberapy, circulatory rymphocytea <5000/mnr\ ANC 2 l50CVsmr > , platelet 
counts between 100,000 and 149 T DO0tonV. aad no prior ABMT or stem cell therapy were 
ellgn>le.Act^baowa>a^letewttliN»30»Iiitedni analysis was performed on the first 24 
patients: median age 61 yean (25% 2 75 years) ;42% female; 83% fbttfculnr histology; 13% 
transformed; 4% small lymphocytic or rvmpfcoplasmacybc; 46% fcxd bulXy disease i 5cm. 
21* bad bulky dbcase- > 7 cm; 13% bad balky disease % 10 cm; 25 % bed splenomegaly*, 
100%bsdprtecbeinc4kerE*Ty(ine^ 13<% bad prior nidkitherspy; and 

4% hadpriiybtounmuaottcraw^ 

t&bekd Zcv«Iin. In all ewes bicdistribution and dosimetry were acceptable. (Protocol defined 
fimio for I nu trd ahscrbed radiation dose were 2000 cGy to oocroal organs and < 300 cOy 
to boae marrow), Tcotidry was primarily hematologic transient aad reversible. Median nadirs 
fee patients recetviagOJaiCiAa (maxfanurn dose 32 mCi) were ANC - 600/nwrt*, platelets o 
34,000/ram*; and Hb - 10,0 gmAdL Gride 4 aaub o fuUa and duombocytopenia eceuooi in 
25* and 15 % of these patients respectively. Overall response rate was 68% <CR =23%; PR 
45ft) in the 23 patients tor whom response awimt r n t was available. Relapsed or refractory, 
tow-grade, fblticdar or traosftmned CD20+ B ceU NHL patients with mitt thrombocytopenia 
can be safely created with reduced-dose (0 3md/kg) Zevmlin with excellent dlmca! response. 

Abstract* 401 Poster Board ^Session: 401-1 

BIOLOGICAL RESPONSE OP B LYMPHOMA CELL LINES TO ANTT- 
CD20 MONOCLONAL ANTIBODY BMTUXXMAB IN VITRO: CDS5 AND 
CD59 REGULATE COMPLEMENT MEDIATED LYSIS. J. Golay, 1 L. 
ZafTaroni 1 T. Vaccari, 3 G.-M. Isorleri* a p. Teoesco.* G. Dastoli, 3 T. Barbm*, 2 
A. RambaidiV M. Introna. 1 Ustituto Mario Negri, Mtlano; 2 Division of 
Hematology, Ospedali Rinniti, Bergamo; 'Roche Italia, Milano; 'University of 
Trieste. 

Rituxinub is a chnneric antKZD20 monoclonal antibody which is being used soccessfulry 
ia Ibetrcatncmof B ctO Noo-Hodgkin's tytophamas witb a 30-^0% response rate In relapsed 
patients. Its m r rtirnifim of action may roclnde comptonem nictitated and anrjjody^cpecdent 
cellular cytotoxictry, as well as a direct bh&itioa of pro Iteration and/or the induction of 
apophysis. Here we have Investigated its biological activity against 4 FL and 1 Borkjtf 3 
lymphoma (BL) cell lines as well at normal B calls in vara The results show that Rituximab 
con block the proliferation of normal B cells stimulated by SAC bat had ao effect on the 

activation or apoptosts. Rltuxtmab 
ntethated ADCC agamsx all cctt lines to a stanUar extent Ob the other 

niedlaied lysis was highly variable between cell lines, ranging from 100% rysb (DHL -4) to 
compter resistance (Karpai 422). Investigation of the levels of CD20 expression and of The 
coaaplemeat inhibitors CD35. CD46, CD55 and CD59 snsgested that CD5J b im impocunt 
regulator of CDC Blocking CD5S 6menon wllb a specific antibody significantly increased 
CDC in the resistant lines. CD59 also plays a rote in some lines since blocking GD59 also 
augments CDC We conclude that CDC and ADCC arc major i™«-h»»*TmrTH of acboa of 
Rinuimab on B cell rymphomas, that a heterogeaeotB susceptibUiry of different lymphoma 
crffe to corapJenuMt may be at lea* In put responsible for heterogeneity of the fespoaae of 
different patients to Wmxtmab ia vivo, furthermore we show that the relative levels CD55 
and CD59 may determine soeh a response 

Abstract* 432 Poster Board ^-Session; 40M 

EXCEIXENT TOLERANCE OP RTTUXAN WHEN GIVEN AFTER 
MITOXANTRONE-CYCLOPHOSPHAMIDK: AN EFPECTIVK AND 
SAFE COMBINATION FOR INDOLENT NHL. diristos Hmmaxtouilides* 1 
MUhan TdeCar* t J Peter Rosen*, 1 Harry MencoV Ravi Patel* 3 John Barsti5*. J 
Rose MaloneV Mary Territa 1 'Division of Hema£eU>gy-Oncology, UCLA Los 
Angeles, CA; 'Department of Pathology, UCLA, Los Angeles, CA; 'UCIA 
Oncology Network, Los Angeles, CA 

Treatment for cxicmive indokw lymphoma, should combine optimization of efficacy with 
redaction of toxicity. Rituxan may be an Ideal agent for coonibmarjcns wftb chemotherapy 
bec«5€ of ooo-otjei resUUnt efficacy and differentia} toxicity; bov^rer. lethal ewe^jfiration* 
have ocenred. Forth trmorc. the potenttal for synergism with chemotherapy has been 
docuaientcd. 24 padeors with indolent B-ceti NHL have been treated to-dace irti&^m&atiovei 
three drag combination. Pt characteristics: median ogeriO, (range 35-72); hiaaatogy: follicular 
13. SUJCLL 6, lyopticybamacytic 4, marginal ^ afl pts tad stage m « rV cSscase; lOpts 
had prior treatment with 1-3 courses of chrmqherapy pprhitHne xfkylaring ageotsX Patients 
first received cyclophosphamide 8f)Q Me/nfand nti£»uuitrotte£ a^Or' IV ondav 



weeks for 2 cycles. Subsequently, patients received rlcnxan 375 mg/m l followed by 
nsltoxaotrone 8 mgte'every 2 weea^for4cycks.Thereg^ 

extremely weft tolerated Only 2 pts oot of 22 assessable experienced a gmdo H, mfasiosy 
related toxicity (mild chins, T37.9 or run) during tbe fint ctaxan treatment (one patient ht* 
received prior rimxan> Grade IV neotropesia was noted al some pohti in 14 pts who were 
offered GMCSF siippcctfOT improve me nt of aeatropema'and* posszmy. enhancement of ADCC 
No infections were noted. Alopecia was minimal. Outcf21 e> , alnabla patients, 1 had a transit* 
PR, 3 have a sustainable PR and l7aremCRatoamedian firfknr-vpof 6 twmtiis. Hence, 
the overall response rate is 95%. The objective responses per subtype aro (otticulan 
SLU 4/3. plasroacytic: 4/4. marginal: 1/1. Except ftr one, at lespuiktets remain in Temissioq 
aBhougb the toUow-upls short Molecular remission* were Doted In 3 of 5 tested patients. W« 
conclude that the cyck^ospharrUck-rmroxant^ (CyMIR) regJmoa is erlecTive aad 

extremely wall tolerated. Furthermore, dnixan-retoed ntorbutay has not been seen. 

Abstract 403 Poster Board ^-Session: 

ZEVALIN« BIODISTRIBUTION AND DOSIMETRY ESTIMATED 
NORMAL ORGAN ABSORBED RADIATION DOSES ARE NOT 
AFFECTED BY PRIOR THERAPY WITH RTTUXIMAB. Gregory A. 
Wiaeman, 1 Christiiie A. While, 2 William ErwinV Doixnmc Lamonica,* Ellen 
Kornmthl*, 3 Daniel EL SUvermaoV Thomas B. Witzig, 1 Leo I. Gorrion, 5 
Marcerina E. White V Richard B clanger*, 1 Amordo I. Orfllo-Lopcz. 3 'Mayo 
Clinic, Rochester, MN; *WEC Pharmaceuticals, San Diego. CA; 'Northwestern 
University. Chicago, EL; 'Raswell Park Cancer Center, Buffalo, NY, 

Imagfng and dosimetry arc reformed In advance of om ^ o bng nnc^flenpy m ensm 
acceptable blcdlstribotioo and absorbed radiation dose delrvered to normal organs. Zcvaln 
0EDEC-Y2B8, ibritunxxnab thncetan)ls an aoti-CD20 caorima IgO. kappa QKnioclanal asaibody 
conjogated to the linker tfnxfffln, which can seeurefy chelate either ,u Imfiam for fasagia^ 
dosdzi^ or ^O^ium fc« therapy . Zevato 

to each Zevafin dose) to clear peripheral bfeod B ryropbocytes and optmnze Zevulln nrosor 
targeting. Phase VU results [Blood 1998^2(1 0 SuppO^Ua #1721 &#1722] have previotcdy 
demoostrated that a standard dose OX4 mO/kg) of »Y hiKrfVd 7>>v«Hn nnniH >^ m f^ t 
patients with B-ceU NHL with acceptable dosimetry aad cUnlcal safety, end excellent efficacy 
(OftR 67% in low, njterrradiatc -grade, and otantb cefl NHL, 82% in low-grade patients; 
toedsantmtttopaigrcssiosi 1&7 nmillu ta resi«noer^ 

mCS/ke urfKi acBfevBdn City ThM ttW »K» Awnpn^ ttmttrr fjBmcalparamerfrt afbmefipc 
platelet coent and percent NHL uTvorvement of Done marrow were predictors for severity of 
hematologic nadir, but dosimetry was not correlated with severity c/hemttotogic nadrr. A 
Phase DZ rjOT-randomizcd controlled trial of Zevafia therapy m RiUximab refractory (non* 

feSpQoderS Cr<6n»TJthsTn y 1 patients Is BOW m goring. We ^ t f r m t» A hna^^ nr«\ AmiLrTj 
Oft 27 patients who were rcftacmry to prior Rltnrbrmh tn otvmh^ K^rWwt^^nj^T^ «rwj rt ? yr t t>fij 
radiation dose so normal organs were not adversely efiected by p r io r n iei a peijtic 
nr 1 weekly x4) of Rloiximab, Pxotccol dettnad ^«r*«V>» ckne as < 2000 cOy *<*~*<»*<* 
absorbed radiation dose to normal organs and < 300 cOy to red marrow. Patients ontierweni 
imagjog aad dosimetry during the week prior to Zevalin t^mpy {ft a tT.'/l^ Pnrft.rtr.n 
estimafies were calculated m ench Investigative ate wittj the MTRDOSB 3-1 code oszna observed 
bjostinetics of "'m labeled ZevaJm. Biodbcribuiion and doslnsetry were acceptable in all 27 
cases. Organ dosimetry summar y statistics are avaUahle on the first 24 putiecti. Median 
estimated absorbed radiatioa doses to norma] organs were; 14.6 cOy/nCI lo fiver, 7.0 cGy/ 
mO hrog: 7.6 cGy/mCl to kidney; XO cGy/roCi to red marrow; and 23 cGy/md to cotat 
body. As previously dcaicostrated in the Phase VU study dtne was no correlation berween 
estimated bone marrow absorbed radiation doso and severity of ANC or platelet nadir. Htis 
Interim data demamtrntca that Zevalln hindlorib*'^^ ftH ^"TtmTTfry ^rr nrH affrctrd by pri^ 
RJttiximab courses (375 mgrar x 4 wks) given 2-23 mouths earner. 

AbsrractCf404 Pester Board #-Sesskm: 404-1 

EPRATUZUMAB, A NEW ANTI-CD22, HUMANIZED, MONOCLONAL 
ANTIBODY FOR THE THERAPY OF NON-HODGKTN'S LYMPHOMA 
(NHL): PHASE I/H TRIAL RESULTS. John P. Leonard, 1 Morton Ctofeman, 1 
Michael W. Schuster,' Amy Chadburn*, 1 Scott Ely*,' Neda Yagaa*. 1 Robert M. 
Sbarkey V Haas J. Hansen*, 3 David M Gdd«aberg v . x 'Center for Lymphoma 
and Myeloma, Division of Hemato togy/Oncology and Departments of Pathology 
and Radiology, Weill Medical College of Cornell University and New York 
Presbyterian Hospital, New York, NY; 'Garden State Cancer Center, BeileviBe, 
NJ; *Immunomedics, Inc^ Morris Plains, NJ. 

Fprahmnrtah is a hum3rdzedajm-CD22 raonoctonal antibody IgOl (hUfr LynipbcOdc 04 . 
Imrna^iomed^ Mccrb Plains, NJ) that has been stndted in rsdfolatrWl forms C ai l and *Y) 
m rjte ueamieni of dieniotherapy 
and efficacy c/eicalatiug doses of tto 
who relapsed a^ ciasrothempy. Al Ieast6 pad 

wrib 4 weekly tnmsinm of epratuzumab at each of 5 dose levels, ranging from 120mgjWto 
600 mg/m 1 per httection. To date. 30 patienta have been enrolled, with 23 cerrendy assessable 
' tor toxicity and response. Doee-limiting toxicity has oot been observed, and fbe 1-hour iaftndons 
have been tolerated wall at all dose levels. No drug-related grade 3 or 4 toxicity has been 
observed; only grade 2 hypotension (a«2) and grade 1 rigors md farigne (n = 3 each) were 
noted primarily during the initial infusion. All other drug-related events wem only grade L 
incrnding blood count or chemistry changes. Senna nrmumogtobulin levels have not been 
*ffected\ nor has there been evidence 

There is no evidence of a significant anti-human antibody response. Radnction of circulating 
CD22-poaitive cells has been observed in several patients. No ic^w mca were seen at dose 
level} (120 mgtaVweek): one mfrhv large cefl lyruphoma natienl treated si dose level 2 Q4D 
mg/rnVweekX who previously relapsed after cltuim t iBuavy and antplpgous atemceO tnnsplaal 
end who was also unresponsive m rtexrmab Ttiernpy, has an c«gnmgce<aptelerennasion for 
over 1 year. Two of 3 indolent NHL patients Oeated ax dose level 3 (360 oig^rf/wttk) were 
responders(l CR. I PR),eswcDas2of 3hrdotempat»eoB 
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INDOLENT LYMPHOID MALIGNANCIES AND ADDITIONAL THERAPEUTIC APPROACHES 



(ICR. 1 PR). ***tftbeffi 5r«po^ are c«^ng. Epnmaumrt Jevch were ciewctaUn in 
the serum for up to 3 months tftar treatment, nod patients with objective r»i™*^ Moh~ 
circuit levels. I^atuzumsb « well tolerated aoo* a wfde 

a 1 -tour mfuikm. and car, rcsuh in objects tumor rc^cn** ^rinT^^t^^ ? 
asciIanoA .„ larger number* of pat, ems <, ongoing to determine the opUrnTdase 

Abstract* 405 Pewter Board Marin: 485-1 

MANIPULATION OF CD22 SIGNAL TRANSDUCTION FOR TWR 
TREATMENT OF LYMPHOMA. J. M TuscanoJ G^T' T W^ T 

JacnowieTif*, C4; 'Immunology. Duke University. Durham North CaZfinl- 
J (mmunoregulation, NlAID, Scrhesda, MD. Carolina. 

The humoral immune rriponse depends upon a highly speciGc interaction between aeh*™ 
and B lymphocyte ant^, rector (BOO- This Interaction ^.a^^iSr^^ 
necessary for B-cell development and differentiation. CD22* a meSE^ 
a l>copbo»phopfolein found on nearly U B lymphocyte and m« b1i!S 

proecms thai activate the stress-activated prmmn kinase (SAPK) pathway. 
.nierleukms, ^^«^crc^inkrngcr 

cdh. R««tt studies have revealed ^ «ri-CD22 monoclonal udbodfes (m^i ^Jh 
dtiund functional propertea (termed HB2Z7. HB22JJ3. am) HB22.331 r^2? 
- *rv*il B cell rjrmphoma cdJ ^ wli ^'iSSS^tfSS 

ioduction of SAPK activity. Apoptoric tmalysi, of R^^lX ^^^l^ 

SSSj^ 5 * ,nAlCti0n ° f when C^taTc^oC^S 

*jdl^.33moectr*ery, compared lo 8.7% withacontml mAb.^a^f^J^SI 

cenemtrafero. with S2% of Ramos c^^^^Z^TZ 
MB22.7 aod a aanUar degree of apoptoab observed with only lOaJteSlfflM T 2S£ 

S^^l Mh XeD0E:rafMpcciflc ^^^g ^ demonstrated irfHzlna TniD^SnJ^ 

Ramos and Raji cell lines Oat demonstrated 105 and 106 ^o^^^^T^ 

iCTOgrafts. After 2J days, when compared to untreated control HB22 7tr^ m£ 
<te S^^f» 3 in tamer veW* Based oa the » ^ce^S 



A^r*ct# 406 Poster Board #Sessk>u: 406-1 

AOrrVK EVCVfUNIZATION USING DENDBTTTC CELLS MIXED WTtr 
TUMOR CELLS INHIBITS THE GROWTH OF XtSoX? S 

Kim V IC H. Lee, 1 J. S La/ W. K. Kim.' 'HvnatologyAlncoloxy. A^ M^Z'l 

«J«cns. The eto of onr ^ was <o test whether bone marrow dcoved TO are ^aM^rf 
^ngprotecdveimitiiintry against a murina MnfAoma£A201 iSw^^^Jl^ 

median for 12 dayi. DQ wltt irradiaied rumor ee^ 

«wc piwiro. i-or Bvainatkai of the elSfect of immanizacian on the emwib^th* ^m-7*ZZ 

«wwv*wrQGJA2UceH*wcre Jturted when Ae mnw reached 4 - 5 i« 

* days for 3 weefe, m control jroup* were gJ vra immperitonea! uKxadatioS of Dh3«7 ' 
baffcred sali« aolotion (PBSX 2 - 4 Jt 10* DCs or ^y^^^^f^f^. 
cv^tlon of the effect of Immunixation oo TcaDs, [ Wyr^^a^ « F^«^ 
JJM T cena »d n.2^4 ^y (o^ an E^w^^^^ 



40453t7*S 130/81 



28/8 



2481*1729 
4 J 81323 



33/22 
4607 



2612-4*230] 2229/H44 
I7M±IM5 1335/ 1150 



A. 2 x HP 
A20ectti 

DCi 

DCi + A20 
0.3 x IC PBS 
A20CGTU 

DCb«a20 ootsrvf jnrwtb+ ^ 
Niwrnai cocmeoJ ^ 2/13 ' ■ 

^^c^^T^!^ m ' aCd WU?> ^ •»» «ar« of undefined tu/nor 
tamor crfli c; unmmjoiherapy of minimal rwidna; disease of lymphoma. 



128153 



116770 
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Atetr*^ 407 Poster Board *Sessi«i: 407-1 

CLINICAL PHASE MI TRIAL WITH A NOVEL R1CIN a.P«aiw 
r^S^^J KMjJeA> ™ PATIENTS VVOT^^S^RyS 
c r^ 11 ?? 4 ^ R °^ d SchnelJ V J- 0«var Sioak-.t Christine Sclw«aitt™ata 

it^ 1 °f Colore, a***. Gtrrn^^Z 

as J^^Tc ^1^1*** 0/11 ">^ty «>d a pd«t taxi* **rc drvduped 

Wn^m . b30, ° ffiC ? 10 i«pn,« aojtrvnot therapy. HodlE 

tymphon* IHL) arc an exodlent urge* for IT .rewmem due lo the espresskmtf lynX^^ 
•ctwarion marten, such m CD3a We constructed an anti-CD30 Ki-id*ArT bv ^ 
joonocton*! antibod, Kl^ to de^JycosyUned ncin L^W,^^ ^Wa^ 

aaW ry in i HL SCU>-xmcc model . Tlicrcforc. Xi^d^A wa, wrfect^ f cr cHnical ute. ObxctiZ 
of .nal are the evaluation of toe maxirmtro toEnted dose (MTO^^en^SlS 

well as docomentatioi) of biologic effect* or clinical response. Ax <rf S^ne^Staw 
were enrolled In this oz^roing trial. Eight pau^ prtM^ued^liC^ one 0>1S 
^f^r?^ <KM ^"H^) All pts. were 

«*"P*« ifcJ-dlns atnoiojou, bone «anoi u^tomCii 

SfS . a2£2£ - ^^^from initial dJajooi was 6^^?^ 

FT was j^rmninered ..v. o*m fair hours on day* 1-3-5-7 for total c£*Tpcr cycle of57 3 ™ 

I k T"" 1 ^ i ft * i« acr^m albumin, edema iwSbi «b7 

dernomtmcd a grade I alter,* reatdoa. Oar^F^^ut^^t^ 

T^ZTJ^J ^ mtna 10 n#br* NO i grade m toxicities occurred 

(wagbt gatn. faague ayedrome. myalgte). Tbus. Wmluced rhedosafie xo^a^t^ 

bcdefi^ed^SorTJ mg/trP. ZS^^patie^SSetS 



Abstract* 408 Poster Boanl ^esste,: 40W 

dTHySS^ pseudomonas exotoxin 

C^T^I^^ ^A™CYTES IN THE ABSENCE OF KTJPFPER 
P fl ^ * . I t e ^ tand * : ' David H. Robblna* > Masancri On**.' 1^ 

mAchemori^v^ hairy cafl leuto^e, chronic lymp^ytic kSS^ 

whi^^,^ th3 Lf^ rd ^ e ^ S " ^ «"es tn«r toxirfry in mice via Sons 

wES ™! anI><:D22 «COoiWnant imnumotoxrn RFB4(dsFv).PE38 (BL221 

Since murine CD25 ond CD22 are racapabfc of binAns LMB-2 and BL22 7T^*ffi~r£ 

11^™^; po^chymal celhereaearfti.e to tfce direc^t^^ct^ 

re^b^toxlw.p«n C hyn»l bepatoeytes from ^iocandrat. were h*J^lk£££ 
F^^cx^dtorcoo^^ 

' i.^!^ ^J 5 ?^ 1 ?"^ 650 V - 1 15 ngAni, respectively. T*e cytotoxicity 

n^Sf % "P ^ urine h^UKytw was directly ofoportienn] to time ifl = 0.90- 

[TT^rii' The u di ^ rcncc ^ '^oe'ectoe point (pi) of tf,c H^*<h for LMB-2 uod BL22 <1 a2 r 
JiJ^l^T^^ *«S8«^ toot Jnteracrioo of bask region, of the protein may play a 

^rwr^^ and emwth-factor niston^oxin, were al w incubated with hepetoey tea iaolated 

^ r^^O^f A^o ^.S^^ ^ *^1> Pxoponioril tothepIoT^lUd. 
^LZ^ * ■ 80d 0 8 f0f ^ Cynomolgn, «nonkey t and hmnan 

we^r^Jf^^t S Jy i ficCTttwit ccrrelations of cywtoxJdry with ligand pi 
SZl^i*' Q^^diy of n variety of 63 kD, recombinari irnrramocminl 
^fS 1 C> ? WrcJataJ "»«Aanisms moy be involved, recombinant 
S^wS^fSf ? ^ » teparocy^^c^ntr^ which 

tSi^^^^^L° rirMted P 3 ^- O^oxperimeiussappoii the hypothesis 
^cL^ ^™^ , ^ 10 nOOSpeciac interaction with hepaScytes, end^ppan 
effort* to decrease the pJs of Uganda used to make reccmbanaitf toxins. 
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[CANCER RESEARCH 4*. July I Mm) 

Potentiation by Interieukin 2 of Burkitt's Lymphoma Therapy with Anti-Pan B 
(Anti-CD19) Monoclonal Antibodies in a Mouse Xenotransplantation Model 

W. M. J. VufctV F. v. Buitenen, ML A. de Rie, A. Hekmau, P. Rumke, and C J. M. Mellef 

Division of fmmtrttolojQf. The Nctheitands Cancer Institute. Antoni van Ueawenhotk titiis, PUsmanUmn 121, 1066 CX Amsterdam, Tke Netherlands (W. Af. J. K. 
F. v. B. t A. N. t P. /T, C /. M. Mj, and Central Laboratory of the Netherlands Red Oves Shod Transfusion Servica, DMsiaa of Clinical Immtatotogy, 
Ptesmanlaan 123, 1066 CX Amsterdam, The Netherlands fM. A. d, R.) 



ABSTRACT 

To study the inununothcntpevtk potential of wanocfonal n*t\ bodies 
(mAbs) directed against the human pan-B*<eU antigen CD19, a xeno- 
tranftofciatarioa model was developed In which the, human Barkitfft cell 
line Doudi is s.c transplanted into node mice. 

IgCJ* lgG2b, and lgG2a isotype variants of the antt-CD19 mA> (CLB- 
CD19) were tested for their capacity to inhibit the growth of 10 x 10* 
Daudi cells injected s.c inlu node nice, When mAb Ural mem was started 
30 mln after tbe lajecttan of tumor cells, only the IgG2s isotype of CLB- 
CD19 had a marked antitumor effect in five If treatment with lgG2a 
anti-Cni9 mAb alone irus deloyed until Day 10 after tnmnr injection, no 
therapeutic effect was observed. However, the comfchmtioii of this delayed 
mAb treatment with recombinant interieukin 2 (rlL-2) inhibited the 
growth of the Oandi cells in the aude mice* while treatment with rITj-2 
alone was ineffective. 

The results of (n vitro experiments showed that peritoneal exudate 
oelte were able to inhibit tbe proliferation of Dandi ceils it the presence 
of the lgG2o isotype variani of CLB-CD19 mAb \m\ not tn the presence 
of the other CLB-CD19 mAb Isotype variants. 

Fresh nude mouse spleen cells did not mediate antibody-dependent 
ceDalar cytotoxicity against CLB-CD1P mAb-sertshited DawK cells, 
Irrespective of tbe isotype osed for sensitization. However* preculturc of 
these spleen cells with rEL~2 Induced antibody- dependent cellular cyto- 
toxicity against CD 1 9* target cells sensitised with CLB-CD19 mAb of 
all isotype s. 

These results Indicate that ft is possible to enhance mAb-dependent 
effector systems In vtvo with the lyxnpbakine rEL-X. 



INTRODUCTION 

The use of mAbs 3 for the therapy of malignant disease 
continues to draw wide attention. Phase l/II clinical trials with 
mAbs have, been performed in patients with melanoma 
(I), colon carcinoma (2, 3), or leukemln/tyinphoraa (4-9). Al- 
though the clinical effects were limited, the results encourage 
further study with the ultimate goal to improve the efficacy of 
mAb therapy. 

The therapeutic effect of mAbs as such, Le., not coupled to 
toxins or radioisotopes, depends on the recruitment of host 
eftectoT systems, including complement, ADCC, and phagocy- 
tosis and/or cytostasis of antibody-coated tumor cells (10-13). 
Thus, optimal utilization of the therapeutic potential of mAbs 
requires optimal mobilization of these effector systems. 

The importance of the mAb isotype ascd for immunotherapy 
has been most elegantly studied with isotype switch variants of 
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mouse mAb (14-16). En these studies, mouse 1gG2a was con- 
sistently identified as the most effective isotype in depleting 
antigen-positive cells in vivo and in directing mouse and human 
effector cells to mediate ADCC activity in vitro. However, 
although the mouse IgG3 isotype of a series of Isotype switch 
variants was not very effective in mediating ADCC (14), IgG3 
mAbs directed against a human melanoma-associated antigen 
were described as very effective in o clinical trial in melanoma 
patients (IX in inhibiting the growth of human melanoma m 
nude mice, and in directing mouse and human effector cells to 
mediate ADCC activity in vitro (17). 

Rat mAbs have been advocated as more active reagents than 
mouse mAbs for the treatment of malignant disease (18, 19). 
Of the rat immunoglobins, IgG2b was shown to be very efficient 
in directing human and mouse effector cells to mediate ADCC 
and in activating complement (18), although for complement 
activation, not only the mAb isotype but also the structure and 
density of the recognized antigen were shown to be of impor- 
tance (20). 

The limited efficacy of mAbs in clinical trials may in part be 
explained by a lack of optimally activated host effector systems 
that are potentially able to clear mAb-coated tumor cells. Bio- 
logical response modifiers such as INF and IL-2 are known to 
enhance cellular and humoral immune responses (21, 22) and 
therefore offer a possibility to overcome thin problem. Indeed, 
it was shown recently that rTL-2 can increase the ADCC activity 
of mouse (23, 24) and human (25, 26) effector cells. Moreover, 
a synergistic antitumor effect was observed in vho with the 
combined treatment of experimental animal tumors with mAbs 
and INF-a (27) or rEL-2 (23, 28-30). 

Antibodies directed against differentiation antigens expressed 
on lymphocytes are possible candidates for the treatment of 
Icukcmia/lymphoma. The results of clinical trials with mAbs 
directed against the differentiation antigens CD5 or CD20 have 
been published (7-9). In both systems tumor responses were 
observed, and side effects that accompanied mAb infusions 
were mild. Another possible target antigen for immunotherapy 
of B-ceil malignancies is CD1 9, a B-cell-specific antigen present 
on most differentiation stages. Recently, a detailed analysis of 
the CD19 expression on leukemia or lymphoma cells was 
published (31). This study showed that 88% of B-lineage lym- 
phoma cases and 100% of B-lineage leukemia cases expressed 
CD 19. Importantly, CD 19 expression was observed on the 
putative leukemia stem cells of three B-cell precursor acute 
lymphocytic leukemia cases. 

In order to test the immiuiotherapentk potential of the anti- 
CD J 9 mAb CUB-CD 19 (32), we developed a xenotransplanta- 
tion model In which human Burkitt's lymphoma cell lines are 
transplanted in nude mice. We present here the encouraging 
results of immunotherapy experiments, performed in this model 
with isotype switch variants of CLB-CD19 mAb and with tbe 
combination of IgG2a CLB-CD19 mAb and rIL-2. The results 
of this srndy suggest that it is possible to enhance the effect of 
mAbs in vivo with rlL-2, thus providing a rationale for clinical 
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trials in patients with B-cell malignancies with an ti -CD 19 mAb 
and rIL-2. 

MATERIALS AND MJLTHODS 

Animals, C3H-*ii//irr, C57BL/6 Klwur/nu DALB/c mice, and R rais 
were bred and maintained under specific-pat hogen-free conditions at 
the animal department of the Netherlands Cancer Institute. Male and 
female BALB/e-nu/mt mice we purchased from: TNO, Zeist, The 
Netherlands; BomholtRart, Ltd., Ry, Denmark, or Hartan-OIac, Lid., 
Blackthorn, England. For in vivo experiments, male or female nude 
mice were used between 4 and 8 wk of age and maintained in sterile 
isolators. The mice used as effector cell sources for in vitro experiments 
were between I and 4 mo of age. 

Coil Lines and Cell Oritur* Conditions. The human Burkitts cell 
lines Namalwa* Ramos, Raji, EB3, DnudS, and Jfyoye were purchased 
from the American Type Culture Collection, Rocfrvilte, MD. The 
JVM3 cell line was derived from the tumor cells of a B-proIymphocytic 
leukemia patient after Epstein- Barr virus transformation in vitro (33) 
The rat myeloma cell line IK983F and the mouse ami rat «-producinx 
hybridama MARK-1 (34) were kindly provided by Dr. Buzin (Belgium). 
The cell lines were cultured in DMEM supplemented with 2 g of 
glucose/liter, 1 miu sodium pyruvate, 4 raM JL-glutainine, nonessential 
amino adds. 100 !U pcnicflUn/ml, 100 ^»«namycuVmL and NBCS 
{10%, v/v) (Sera Lab., Sussex, En&Ianrf), or FCS (10%, v/v) (PAA 
T-ahocgeselischan, Austria). Murine ceils and cell lines were cultured in 
DMBM/FCS supplemented with 5 x lfr 5 m mercantoethitnol 
(DMEM/FC5/2MEK 

Monoclonal Antibodies. Tim production, isolation, and characteriza- 
tion of isotype switch variants of the anti-CD 19 mAb (CLBCDI9) 
were previously described (32). 

R24.3 mAb was produced as previously described (35X except that 
as fusion partner for the cut spleen cells, the rat myeloma cell line 
IR983F was used. The antigen recognised by R24.3 ni Ab was identified 
as HLA Class 17 by immuno precipitation followed by SDS/PAGE 
analysis (36, 37). The R24.3 mAb was determined to be of the lcG2h 
isotype using the Oochtertony douWe-difTusion procedure with rabbit 
anti-rat immunoglobulin class- and suDdass-spucific antibodies 
(Nordic, Tilburg, The Netherlands). The Irrelevant control mAbs used 
m m vivo and in vitro experiments were: K8, S6, NKJ-bftteb, mouse 
lgG2a, IgOl, and IgG2b mAbs, respactrv&ry; and the ™t IgG2b mAb 
50B8. The NKJ-beteh mAb was obtained from Dr. C. Vcnnegoor, 
Amsterdam, and the SOBS mAb was kindly provided by Dr. A. Sonnen- 
berg. Amsterdam, The Netherlands. 

Purification of mAbs. Initially the mAbs MARK-1 , K8, and the heavy- 
chain isotype variants of CLB-CDI9 were isolated from ascites on a 
preparative high-performance liquid chromatography column (Baker 
bond mAb; J. T. Baker, Inc., NJ>. In later purification prowdurea, the 
Bakexbond AbX (Baker) column mntrbc was used according to a pre- 
viously described procedure (38). The purity of mAbs was estimated on 
the basis of SDS/PAGE analysis (37) and was consisiently between 90 
and 9596. Purified mAbs were dialyzed for 24 h against PBS and stored 
at -20*C until use. mAbs used for in vivo immunotherapy experiment* 
were supplemented with O.S96 BSA (w/v) (Fraction V; Signw) and 
sterilized by filtration (MiJlipore 0.22-um diameter pore). 

Isolation ami Culture of Marine Spleen Cells and Mouse Peritonea) 
Exudate Cetb. Spleens were excised under aseptic conditions and 
immediately transferred to approximately 1 0 ml of DMEM/FCS/2ME. 
The spleens were subsequently minced using a plastic mesh filter (NPBJ 
BV; EmmcrCompascuum, The Netherlands), and I he resulting cell 
suspension was washed once with medium and reconstituted at the 
desired density In OMEM/FCS/2MK. HALB/c nude mouse spleen 
cells were IL-2 activated by incubating them for 6 days in DMEM/ 
FCS/2ME supplemented with 500 units of rrL-2/ml (2 to 3 x to* cells/ 
ml). After this culture period, dead cells and erythrocytes were removed 
by centrifogation over Ficofl-Hypaque (Lympholyte M; Cedarland Lab , 
Ltd., Ontario, Canada). Peritoneal exudate cells were obtained from 
thioglyco late-treated (Oxoid, London. England) BALB/c mice by wash- 
ing their peritoneal cavities with 5 ml of PBS. The harvested PEC were 
immediately tninsfcrred to Ice-cold NBCS, washed once with medium, 
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and reconstituted at (he desired cell density in DMEM/FCS/2ME. 

lmm^iioniiorescence. Cells were incubated In Ihe appropriate dilu- 
tions of mAbs (5 X 10 5 cells in 50 nl). Bound moose immunoglobulin 
was detected with FJTC^conjugBted F(ab)j fragment* of goat anti- 
mouse immoooglobulm/FTTC (Tago, Burlingarne, CA). Bound rat 
immunoglobulin was detected with Motraylated mouse anti-rat * 
(MARK-]) followed by an incubation with avidtn/HTC (Vector, Bur- 
lmgame, CA). Biolinylation of MARK-1 mAbs was performed a* 
previously described (39). All incubations were performed for 30 min 
at O'C, and after each men ba lias, the cells were washed once with 2 ml 
of PBS supplemented with 0,5% (w/v) BSA and 0.1 56 (v/v) sodium 
azlde (PBS/BSA/aadde). Flaoresceai staining was analysed with a 
FACSCAN cytofluorimotcr (Becton and Dickinson, Mountain View, 
CA) or using a fluorescence microscope, screening at least 200 culls. 

The intact antibody content of purified CLB-CD19 mAbs and the 
plasma levels ofCLB-CD19 mAbs were determined by indirect Jmmu- 
nofluorescence. Mean ihiorescence intensity was interpolated on a 
standard curve of Intensities obtained with known concentration* of 
CLB-CD19 mAb . 

h Vivo Experiments. Human BurkirTs cell Lines used for in vivo 
experiments were grown in vitro, washod once with mediant, and 
reconRtrtuted at the desired cell density in PBS. These cells were Injected 
s.c or i.p. (0.2 ml/injection) into nude mice, and the mice were 
monitored at regular intervals thereafter. Once a week the s.c. devel- 
oping tumors were measured with precision calipers. These measure- 
ments were expressed aa the product of two perpendicular diameters 
(tumor area, mm*). 

In immunotherapy experiments, the rake-rate (miraner of mice with 
tumor/total number of mice) was recorded on Day 60, and a statistical 
analysis was performed on the sum of the take-rales of independent 
experiments with the Fisher exact test Differences were considered 
significant if P £ 0.05. Therapy experiments with isotype switch var- 
iants of CXB-CDI9 mAb were performed as follows. On Day 0, BALB / 
c-wtt/jtw mice received 3 Gy of whole-body irradiation prior to the s.c 
injection of 10 x 10* Daudl cells. The mAb was given ip. [I mg/ 
injection in i ml of PBS, 0.5% (w/v) BSA) on Days 0, 3, and 6. Control 
animals received 1 ml of PBS/BSA or 1 mg of irrelevant mAb (KB 
antiidiotype, IgG2a isotype) in 1 ml of PBS/BSA on Days 0, 3, and 6. 

Combined treatment with lgC2a CLB-CD19 mAb and rIL-2 was 
started on Day 10; test or control mAb (Kg anttidiorypc) was injected 
ip. on Days 10. 13, and 17 (1 ragy inject ton in t ml of PBS/BSA); rTT,~ 
2 was injected ip. <5 x 10* units to 0.5 ml of PBS/BSA) 3 times daily 
on Days 10 to 14 and 17, or s.c. [2 x 10 s units in 0.2 ml of incomplete 
FxeuncTs aujuvant. 3% (w/v) BSA (40)1 on Days 1 0, I 7, and 24. Control 
treatment consisted of K8 mAb or rIL-2 alone or rlL-2 In combination 
with K8 mAb. Highly purified human rIL-2 produced in Esckeric&ia 
coti (41) was a generous gift from Eurocetus, Amsterdam. The growth 
of the fL£. tumors was monitored once a week as described above. 

Antis^^pcndent Cellular Cy*rx>xkity. Short-term 5, Cr release 
experiments and long-term [ J H}thymidlne release experiments were 
performed essentially as described (42, 43). In brief, mouse cllsctor 
cella, Lc, spleen cells or PEC. were mixed with 10» sl Cr-Iabeled target 
cells OabeUng with s, Cr: 6.4 mBq/IO* cells inci»bated at 37X for 60 to 
120 min; specific activity of 5l O, 13 to 22 GBq/mg of chromium; 
Amcrsham, BucJrmghanifihire, England) or 5 x 1C pHJthymicSne- 
labeled target cells (labeling with ['HJthyinidlne: cells inenbated for 18 
to 20 h with 3 naBq of f 3 H)thymldine/inl; specific actrvhy of f H]* 
thymidine, 247,9 GBq/nrmol; Amersham) at E/T ratios varying from 
100:1 to 6.25:1 in the 96-well roimd-bottomcd micro titer plates (Co- 
star). Test or control mAbs were added, a indicated concentrarinns, to 
a final volume of 200 jd. Subsequently the pUtcs were centrimged for 
5 min at 1000 rpm and incubated for 4 h C Cr-labeted target cdU) or 
24 to 48 h ([ l If]th>TOldine^heIed larger cell») at 3TC in humidhlcd 
air with 5% CO* After this incubation period, the plates were centri- 
fuged again (5 min, 1000 rpm), and the 100->U supernatant was har- 
vested and processed for drtcr reining thx"Cr or [^Hnbyinidine content 
m a GAMMA-8000 gamma connter or an LS800O lknnd scintillation 
counter (Beckman Uislrumcnts, lac, Irvine, CA). 

The percentage of specific label release was calculated according to 
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the followfae formula 

% of specific label release » (7 - S/M - S) x 100% 

where T is cpm in test sample, M is maximal rcleasable label in 2% 
(v/v) Triton X-100/Q.5% <w/v) SD$/1« (w» sodium denxyeholate/ 
XO mM EDTA„ and S is spontaneously released label from target celts 
alone. The spontaneous label release never exceeded 15% of maximally 
re leasable radioactivity. 

Proliferation Inhibition Assay. PEC of BATJB/c mice were harvested 
tut described above, the celts were seeded in 96-wcU fUu-bottomed 
microliter plates (Costar). After 24-h Incubation at 37*C in humidified 
air with 5% CO* nonadhering cells were removed by washing the wells 
once with medium. Test or control mAbs* all he indicated concentra- 
tions, as welt as Daudi target cells (5000 target cells/well, E/T ratios 
varied from 5: 1 to 0.6:1) were added to a final volume of 150 »l Throo 
days later, SO /d of [^1 thymidine (4.K kBq/well; specific activity 247.9 
GBq/mmai; Amersham) were added for the lust 4 h of culture. Subse- 
quently, the cells were harvested with a Titertck cell harvester (Flow 
Lab, fnc, Mcljean, VAX an <* the incorporated pHJthymidine was 
determined in tlie LS8000 liquid sdtatilltition counter (Boukman). Thii 
percentage of specific inhibition of ( 3 H]thymjdine incorporation (96 of 
specific inhibition) was calculated according to the following formula 

% of specific inhibition = (C - T/C - 5) X 100 

where C is cpro incorporated io targets incubated with PEC and control 
mAbs, T is cpm incorporated in target cells incubated with PEC and 
test mAbs, and S is cpm incorporated In PEC alone. 

Development of a Xenotransplantation Model of Human B- 
Cell Mnes Transplanted In Athymic Nude Mice. Because it is 
well documented that it is very difficult to successfully trans- 
plant human primary leukemia/Jymphoma cells in nude mice 
(44-46), established human B~ceU lines were used for develop- 
ing a xenotransplantation model. Nflsson and coworker* (46) 
described human Burkitl's lymphoma cell lines as the fastest 
growing human tumors in nude mice. Therefore, Burkitt's 
lymphoma cell lines BJAB, Daudi, EB3, RAMOS, Jiyoyc, and 
Namahva were used in the initial xenotransplantation experi- 
ments. These ceil lines, however, failed to grow when injected 
i.p. or s.c. <S x 10* cells) in OH or C57BL/6 Kh nude mice. 
In BALB/c nude mice of less than 8 wk, the Daudi cells 
eventually grew when they were Injected s-c. Sublethal whole- 
body irradiation (3 Gy> of BALB/c nude mice decreased the 
tumor latency time and reduced the variability of the growth 
rate of Daudi cells injected s.c in these nude rake. In subse- 
quent experiments, the growth kinetics of different doses of 
Daudi cells, injected s.c in 3-Gy-irradiated BALB/c nudes, was 
studied (Fig. 1). From these data, it is clear that a s.c. injection 
of 5 to 20 x 10* Daudi cells invariably gave rise to the devel- 
opment of S.C. tumor nodules and that the growth rate of the 
tumor was relatively independent of the number of cells in- 
jected. These results guided our decision to inject 10 X 10* 
Daudi cells S.c. in 3-Gy-irradialed BALB/c nude mice for 
immunotherapy experiments. 

Immunotherapy with Isotype Variants of CLB-CDld mAb. 
Immunotherapy experiments were performed in the xeno- 
transplantation model described above. On Day 0, the mice 
received 3 Gy of whole-body irradiation prior to the s.c injec- 
tion of 10 X f 0 6 Daudi tumor cells. raAbs were injected i.p. on 
Days 0, 3, and 6 [1 mg/injection^ in 1 ml of 0.5% PBS (w/v)/ 
BSA J. Control animals received 1 ml of PBS (Experiment 1) or 
1 tag of irrelevant mAb (K8, leG2a isotype in 1 ml of PBS/ 
BSA; Experiments 2 and 3) injected ip. on Days 0 t 3, and 6. 



Growth kinetic* of OAUlX cells Injected «. tn tnadbied BALB/c node vakv 




20 30 40 50 
Dftji after turner <oU wjoaion 

Fig. 1. On Day 0, the rmcu wera trrodhited (3 Gy) prior to the s.c. Injection of 
Daudi tumor cells (5 miaVgmup). Indicated n I he mean Tumor arm of the mice 
llmi did develop ci tumor. At the end of uttch curve, the takc-ratc Is Indicated. Tbc 
siiindard deviation of these measure meats was approximately 20%. 

Tabic 1 Immunotherapy w(tk IgGI, lgG2b, andIgG2a isotype variant* 
ofCU3<:019 mAb 

On Day 0. tbc mice were irradiated (3 Gy> prior to Lite s.c injection of 10 x 
10* Daudi cells. Depicted is the number of rate with tumocAota) number of mice 
(lake rate) on Day 641. Statistical analysis was performed lite Fisher i 
test. 
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CLB~CDl»]gGl 
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5/5 


ND 


ND 


5/5 NS 


CLB CDl9JgC2ii 


1/4 


2/S 


2/5 


5/14 =50.02 



* mAb* were given l,p. (1 ma In I ml of PBS/BSA) on Days 0, 3, and 6. 
Control treatment consisted of 1 rnt of PBS /BSA (Experiment I) or I tag of 
KA mAb 4 Experiments 2 and 3H Injected Lp. on Days O, 3, and 6. 
f NS» «ot significant; ND, not done. 



bnmwiulbenpy wilh isOLjpc variants of CLB -CD \9 mAbs 




SO 40 50 60 TO Rfl 
Deyn after nimnr cell In^crJtxi 

FI&. 2. On Day 0, the mice were irradiated 43 Gy) prior to the ax. injection of 
JO x 10* Daudi cells. Therapy *as started 30 mm after the tumor cell injection 
(1 m& of mAb I.p, fat 1 ml of PBS /BSA) and was repeated on Days 3 a*d 6. 
Control animals received I ml of PBS/BSA injected i.p. on Days 0, 3» and 6. The 
standard deviation of these measurements was approximately 209k 



The results of three such experiments are shown in Table 1 . In 
Fig. 2, the result of Experiment 1 Is shown in terms of the 
growth rate of the tumor nodules, and the take-nrte is indicated 
at the end of each curve. The results show thai treatment of the 
mice with CLB-CD19 IgG2a mAb resulted in a reduction of 
the tumor take-rate (P < 0.02; Table 1) and an extension of the 
tumor latency lime (Fig. 2\ while treatment with the two other 
isotype variants of CXJB-CD19 mAb had no significant effect 
on these parameters. 

Possible Mechanism of the IgG2a CI.B-C019 mAb-mediated 
in Vivo Antitumor Effect. Because differences in plasma half- 
life (fa) of the isotype variants of CLB-CO 1 9 mAb could explain 
their different antitumor effect in vjpo, the t* of the isotype 
variants of CLB-CD19 mAb was determined. BALB/c mice 
were injected Lp. with 1 rag of mAb, and at various time 
intervals, the plasma CLB-CD19 mAb level was determined by 
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indirect immunofluorescence, in which mean fluorescence In- 
tensity obtained with the plasma samples was interpolated on 
a standard curve of intensities obtained with CLB-CD19 mAb 
solutions ofknown concentrations. The f* (days ± SD* n = 6) 
of the IgGK IgG2b, and IgG2a was 7.4 ± 2,5, 6.8 ± 1.9, and 
6.8 ± 1.4, respectively. This result indicates that it is not likely 
that the different therapeutic activities of the isotype variants 
are caused by differences in distribution and/or breakdown in 
vivo. 

To identify the involved effector mechanisms, in vitro ADCC 
experiments were performed. In these ADCC experiments, 
using mouse spleen cells or PEC as effector cells, none of the 
CJLB-CDI9 mAb isotypc variants was able to induce CD19"* 
target cell lysis, while target colls sensitized with the anti-HLA 
Class H mAb R24,3 were readily lysed by PEC (data not shown) 
and, although to a limited extent, also by freshly isolated 
BALB/c nude mouse spleen cells as shown in Fig. 4. 

CLB-CD19 mAb-mediated effects were obtained with a mod- 
ification of a cytostasu assay (11). In this assay, Dandi target 
cells are incubated for 3 to 4 days with mouse PFXT in the 
presence of specific m Abs or irrelevant iso type-matched control 
mAbs. At the end of this incubation period, the target cell 
survival is quanthated by measuring ['Hjthymidine incorpora- 
tion. The results of such a representative experiment are shown 
in Fig. 3. The R24.3 mAb, rat IgC2b directed against human 
HLA Class II antigens, was found to be very potent in this 
assay. Of the IgGl and lgG2a isotypc variants of CLB-CD19 
mAb included in this experiment, only the latter was able to 
inhibit significantly the |*H|thynudine incorporation of the 
target cells. In an identical experiment, the leG2b isotypc 
variant was equally ineffective as was the IgGI isotype variant 
shown in Fig. 3 (data not shown). The results obtained with 
these experiments correlate with the isotype-dependem antitu- 
mor activity of CLB-CDI9 mAb observed in vivo and therefore, 
suggest that the effector cells in PEC that are responsible for 
the antiproliferative effect in vitro may also be responsible for 
the in vivo antitumor effect of the treatment with mAb alone. 

Combination Therapy with lgG2a CUB-CD19 mAb and rIL~ 
2. When IgG2a CLB-CD19 mAb therapy was delayed until 
Day 10, instead of started immediately after tumor cell injection 
(1 mgof raAb-Lp. on Days 10, 13* and 17), the antitumor effect 
was not significantly different from control-treated animals 



(Tabic 2). However, when this delayed mAb treatment was 
combined with rll^2, the antitumor effect was again significant 
<Table 2). Treatment with rIL-2 alone had no effect on the 
growth of Daudi tumor cells. This result indicates that rIL-2 is 
able to potentiate the therapeutic efficacy of IgG2a C LB-CD 19 
mAb in vivo. 

ADCC Acdvjty of rIL-2-acri>ated BALB/c Nude Moose 
Spleen Cells. As already mentioned before, freshly isolated, 
nonactivated BALB/c nude mouse spleen cells were poor 
ADCC effector cells; only with the R24.3 mAb could some 
specific 3, Cr release be obtained. However, activation of these 
spleen cells in r!L-2 resulted in a dramatic increase in ADCC 
activity with all tested mAbs as shown tn Fig. 4. This result 
suggests that HL-2-induced ADCC activity of lymphoid effector 
cells may contribute to the observed potentiation by rBL-2 cf 
IgC2a CLB-CDi 9 mAb-mediated antitumor activity in vivo. 

DISCUSSION 

In this paper we present evidence that mAbs directed against 
the B-call-sperific antigen CD19 powerfully inhibit the growth 
of human Burktit's Daudi lymphoma cell line transplanted into 
nude mice. Of IgGI , IgG2b, and TgG2a isotype switch variants 
of CLB-CDI 9 mAb, only the IgG2a isotype exhibited this 
antitumor activity. Furthermore, we show for the first time in 
a xenotransplantation model that rfL-2 dramatically poten- 
tiates the therapeutic effect of turaor-specific mAbs. 

The observed superior antitumor activity of the lgC 2a isotype 
variant is in agreement with previously published studies by 
other investigators (14, 15). However, in these studies, lgG2b 
and, to tin even lesser extent, also IgGl showed some antitumor 
activity. In our study these tsotypes were completely inactive. 

Most investigators ascribe the mechanism of in vivo antitu- 
mor activity, mediated by tumor-specific antibodies, to ADCC 
reactions (13*15, 42). Therefore, we performed extensive in 
vitro ADCC assays with mouse spleen cells or mouse PEC as 
effector cells. However, none of the CLB-CDI 9 isotype variants 
was able to mediate ADCC activity with these effector cells. A 
modification of a cytostasis assay (11), called the proliferation 
inhibition assay, eventually gave positive results; PEC inhibited 
the proliferation of Daudi target cells in vitro only in the 
presence of the lgC2a isotype variant of CLB-CDI 9 mAb and 



Fig. 3. PECs were seeded tn 96-well flat- 
bo uomcd microliter plates. After 1 8 to 24 h, 
Daudi target ccfb were added (5000 oclls/"cIl) 
and different concentrations of test ox control 
mAb: A, R20 c ah a re supernatant, dilution 
of 1/3. 7.5 ng/ml of CLB-CDI 9 mAb: B, 
culture supernatant, dlferdon of 1/12, 
2.5 fi&mt of CXB-CD19 mAb; C, R24.3 cul- 
ture supcroalaDt, dilution of 1/24, 0.6 jig/rnl 
of CLB/CD19 mAb; and A R24J culture 
supernatant, dilation of 1/46, 03 pg/ral of 
C LB/CD 1 9 mAb. R24.3 mAb. nit IgGJb di- 
rected against human HLA Cass II antigens, 
was indoded a& a positive oontroJ. Indicated h 
iht: percentage of specific inhiijltoo ± SL> (ji 
>- 3X calcubled according to the formula de- 
scribed in "Materials and Methods.* 



Proliferadon inhibition assay 
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Table 2 ComAutaium thrrupy whh iftG2a CLB-CDJ9 mAb and rIL-2 
On Day 0, the mice were irradiated (3 Gy) prtar to rbesLC. Injection or 10 x HP Paudi celU. Depicted in the number of mSce with tumor/total number of mice 
(lake-rate) on Day 60. Statistical analysis was performed with the Ffaher exact test. 

Tuke rate 



Tngaimeni' 1 Experiment I Experiment 2 Experiment 3 Total p 

CoitfroJ mAb ty3 4/4 8/9 15/18 

Control mAb + ilL-2* NIV NO 6/8 6/« NS 

5/5 3/4 ND a/v NS 

CLB-CDJ9IgG2a ^ 2/3 4/5 6/9 12/19 NS 

CLB-CDI9I S G2a + rlU2 rf 0/4 1/3 3/6 4/13 £0.01 

CLB-CDI9 lg G2a + rlL-2» ND^ ND 2/B 2/8 =s0l02 



* mAbs were given Lp. (1 mg in 1 ml of POS/BSA) on Days JO, 13, and 17. 

* HI.-2 wji^hrn s.c. (2 x 10* Quits b 0.3 ml oTFrcund** incomplete adjuvant, 3% BSA) on Dftyg 10. 17, and 24. 

* ND, not done: NS, not significant. 

Mr .-2 was given lj>. (5 x 10 4 units in 0.5 ml of PBS/BSA) 3 limes daiiy on Doyn 10, 1 1,1 2, 13, 14, and 17. 



ADCC 



100 T 




CLB-CD19 



Fig. 4. Spleea cells from BAUB/c nude mice were used 3% effector cells In a 
4-b n Cr release experiment. Before the*: effector cell* were used; dead cells and 
erythrocytes were removed by centrifuge tiua over Hcoll-Hypnqne. No n activated 
(freshly isolated) or IL-2-acliYalcd (6 Uuys in 50(1 iintr* of rIL 2/ml) cells were 
naud with 10* "Cr-labekd targe* cells at an F/T ratio or SOel in tbc absence of 
mAb (medium) or in the pretax* iif K24.3 mAb (1 /ij^/ml) or the isorype variants 
of CLB-CD19 niAb<2.5 px/ml). Indicated is the mean percentage of specific B, Cr 
relaase A SO of triplicate determinations. 

not in the presence of the other two isotype variants (Fig. 3). 
Because this proliferation inhibition assay measures the net 
result of antibody-dependent cellular effector functions includ- 
ing ADCC, phagocytosis, and/or cytostasis of antibody-coated 
tumor cells, the exact mechanism and the identity of the effector 
cell in .the PEC population remain to be elucidated. The effector 
cells most likely are macrophages because the assay is per- 
formed with adherent PECs, which consist of over 90% mac- 
rophages. However, wc cannot exclude the possibility that, in 
the adherent PEC population, a considerable fraction of the 
cells are Thy- 1 -positive T-cells, 

En contrast to the results of the experiments shown in Table 
1, the antitumor activity of mAb alone treatment was lost when 
this treatment was delayed untfl Day 10 after tumor cell inoc- 
ulation (Table 2). An obvious explanation for this observation 
is that, by Day 10, the rumor burden is too great to be eradicated 
by antibody-dependent effector mechanisms. While treatment 
with rDL-2 alone did not affect the growth of the Daudi cells in 
the nude mice, the combination of lgG2a CXB-CD19 mAb with 
rIL-2, started on Day 10, resulted in a strong antitumor effect 
(Table 2). From these results we conclude that rIL-2 increased 
the therapeutic efficacy of [gG2a CLB-CD19 mAbs in the node 
mice. This result is in agreement with previously published 
studies in syngeneic animal models (23, 28-30). 

As already mentioned, fresh nude mouse spleen cells did not 
mediate ADCC activity irrespective of the isotype of the CLB- 
CD19 mAb used to sensitize the CD 19* target ceils. However, 
culture of these spleen cells in vitro with rlL-2 induced ADCC 
activity with all isotypes of CLB-CD19 mAb. In view of this 



result we are currently testing whether rIL-2 addition to the 
treatment with IgGl or JgG2b CLB-CD19 mAb would result 
in antitumor activity in our xenotransplantation model. Our 
results clearly show that 1L-2 can enhance the ADCC activity 
of BALB/c nude mouse spleen cells. This is in contrast with 
the results published by Berinstein et al. (23). In their study the 
culture of spleen cells in 2500 units of rIL-2/ml for 3 days did 
not induce ADCC activity. A possible explanation for this 
discrepancy could be that we used spleen cells from nude mice, 
which are enriched for NK cells (47), while Berinstein et al. 
used spleen cells from immunocompetent mice. The results of 
our ADCC experiments suggest that rIL-2-induced ADCC ac- 
tivity of lymphoid effector cells may cxmbibute to the in vivo 
observed increased antitumor activity of mAb and rIL-2 com- 
bination therapy. Since it is known that 1L-2 activation in- 
creases the expression of various surface molecules, such as IL- 
2 receptor (CD25), HLA-DR, transferrin receptor, and leu 23, 
on cultured human NK cells (48-52), a possible mechanism of 
the enhancement of ADCC by IL-2 could be an increased 
expression and/or function of FcR on ADCC effector cells. 
Moreover, it was shown recently that FcR (CD16)-ligand inter- 
action on human NK cells increased the expression of CD25 
and the production of the lymphokines tumor necrosis factor 
and interferon-^ (S3), suggesting a linked regulation of the 
activation of FcR and EL 2 receptor expression. 

The rat mAb R24.3, which is directed against HLA Class II 
antigens, proved to be very potent in the proliferation inhibition 
assay (Fig. 3) and in ADCC assays with rlL-2-slimulatcd nude 
mouse spleen cells (Fig. 4). R24.3 mAb was identified as rat 
IgG2n isotype and, indeed, this rat isotype is known to be very 
efficient in activating complement and m mediating ADCC 
reactions with human and mouse effector cells (18). However, 
the results obtained in these in vhro assays with R24.3 mAb 
cannot direcdy be compared with the results obtained with 
CLB-CD19 mAb, because it is possible that IILA Class II and 
CD19 antigen densities and the affinity of the mAbs for their 
antigens are very different. We therefore are in the process to 
produce rat mAbs, preferentially of the IgG2b isotype, directed 
against GDI 9 in order to be able to compare the antitumor 
activity of such a reagent in vivo and in vitro with the mouse 
CLB~CDt9mAb. 
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